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ABSTRACT 

Progressive changes in embryonic substances during the first week 
of chick embryo development were studied by fluorospectrophotometric 
analysis. The fluorescence patterns characteristic of each develop- 
mental stage were recorded from whole embryo homogenates between three 
days and six days of developmental age. Changes in the spectral pattern 
were noted and the precise time in development pinpointed. Differen- 
tial fractionation techniques were employed in order to define the sub- 
cellular location of the fluorophores involved. Finally, an attempt 
was made to characterize and identify the fluorescent substances. 

In order to correlate changes in the fluorescence pattern with 
developmental age, it was first necessary to define the developmental 
stage of individual embryos. However, the possibility of fluorophore 
decomposition and/or the production of artifactual fluorescence made it 
essential to minimize exposure of the embryos to light and oxygen. 

Thus it became necessary to devise a rapid but accurate means of record- 
ing and identifying developmental stage. 

In hope of finding such a method, the relationship between 
several growth parameters and the stage of development was examined. 

A cranial length measurement was found to be highly correlated with 
developmental stage over the period of development from three to six 
days. This correlation remained unchanged by minor differences in incu- 
bation temperature, which sometimes alters such a relationship. Thus, 
the use of the cranial length, which is easily measured from photographs, 
presents a method by which to determine the developmental stage of indi- 
vidual embryos, quickly and accurately. 


Fluorometric analysis revealed that three major emission peaks 
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dominate the fluorescence pattern during the first week of development. 
Two of the peaks, 350nm and 520-525nm, merely increase in relative 
piorescenecs The fluorophores responsible for these two peaks were 
later determined to be, respectively, tryptophane residues in soluble 
protein, and riboflavin or its derivative: thereof. 

The third region of emission was found to undergo a pronounced 
red-shift in emission peak from 430nm at stage 22 to 470nm by stage 25, 
again accompanied by a gradual increase in relative fluorescence. 

Such a shift indicates a specific change at the molecular level, at 
that stage of development. This prompted an investigation into the 
identity of the fluorophores involved and into the cause of the shift. 

Fractionation revealed that the majority of the 430-440nm and 
470nm fluorescent components in the three-day and six-day homogenates 
were found in the soluble-protein fraction. This suggests that the 
fluorophores are freely soluble or that they are bound to a "carrier" 
molecule. 

Attempts to identify the 470nm emission component were unsuccess-— 
ful, due to the instability of this peak. During isolation attempts, 
the peak shifted to a peak at 440nm. However, the resulting spectral 
pattern mimicked that of the younger embryo. This result suggests 
that a single type of fluorescent component is involved in the original 
spectral shift. Thus, further investigation was concentrated on 
isolation of the component responsible for the 440nm emission peak. 

Solubility characteristics and response to specific enzymatic 
digestions revealed that the 440nm emission component is associated 
with a variety of binding components. Again, these results suggest 


that the spectral shift seen between stage 22 and stage 25 is due to 


vi 


- ~s 


elsieins at anchtews sdaeenaieol etiavtisaqess get 62 eeaberayeh 202700 
Youtsas seetpiebot ext 20 wivektudte dues eaaserg 


Loduiasta a ogtebt of Snook war Asireeine co akget Batic at «5° 


- 
* 


ET equas vt wate ow SS agate 90 Eccles “bott.very « teeter pt SRlerteet 


ponesgeaaul? syisdied at sunt sat Thetis 6 74 Dateeanse phage. 


to ,Iovet voluosioag 509. te sytiegts siiiooye & eutanbint rthia 3. foes 
‘eit ccal wobdaghieovat nk heessytro wy NAT i as qo agnee puns 
sYhje ado Sp atiey opit byot ‘hie haelayet siseebrcias ot. 2 ytiteebt 

tie aml -OE¢ wig T¢ gitxot su et Jd3<'thel eave? vor ecmlaaere 
— egcuadt gab-avte bis ysb-seis arly rot daeenoqnon tasawaqadsa arate 
23) 9ac: ‘Syeeghus Simi. .«Sgttaats rates aidutoe salt < bowel saa 
“ ehrtes" 8 ud Dad igra: yods) 2ado Id aftiles vises ries earcdqeremtl 
atugsloa 


2 


ateasente 2344 teereqMt. holee Lise mote ade gebdirsel ws esqmesd 
ea je worsdlont ghirat Jdsec subi? Yo-gahGiiietem jof3e2 sub ate 
furzpage etd byews uf} (reese «mide Jheaeer, © om hewaiste gaoy mit 
edpegsunr tives: eta: Ova Lite THAT wiz 36 dst? hots Sets Seay 
igadeiys od3 ut Bevioval nt Jnangqnioy Tiieude cut 3 Qe sqe’ stanle « cad _ 
ad bare Mnooned saw; cofdegivaevat ‘wort sud sunt thd tewtange 
phot ree etuls wad bAd tee at eieaagae Ipenpgite as Yo molzeloas 
_ shranyte abiAses o2 sa aaqesy DA Sar: pet 
igdmisimwh =t “riogina oath ute etheaeniieds 
aierainsth baineet. send? alts 


c 
7 


the change in the type of binding components of a single type of fluoro- 


phore. Upon binding to a different ‘carrier,’ the molecular environ- 
ment of the fluorophore may be altered in a manner which affects the 
spectral characteristics. 


" the 440nm emission 


Unfortunately, upon release from the "'carrier,' 
substance again became unstable, frustrating further efforts at 
isolation and identification. It will be necessary to purify and 
characterize the "carrier" fluorophore complex before identification 
can be made and determination as to whether a single type of fluores- 
cent substance is involved. It should then be possible to proceed with 


investigations into the biological significance of the spectral shift 


reported in this study. 
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CHAPTER 1 
GENERAL INTRODUCTION 

The central problem in the study of embryonic morphogenesis concerns 
the mechanisms involved in determination, initiation, and synchroniza- 
tion of the cytological, histological, and morphological changes which 
occur as development proceeds. Interactions between cell population, 
like and unlike, and between the cells and their microenvironment are 
intimately involved in these control mechanisms (for a review, see 
Fleischmajer and Billingham, 1968; Brunner, 1977). Spemann and Mangold 
(1924) were the first to describe the phenomenon of primary induction; 
they observed that, during gastrulation in the amphibian embryo (Triturus 
taeniatur), the dorsal lip of the blastophore exerts an inductive 
effect on the overlying ectoderm, causing it to form the neural plate. 
Later, Waddington (1933) demonstrated that Hensen's node plays a similar 
role (acting as the primary inducer) in the development of the chick 
embryo (reviewed by Leikola, 1976). Many cases of secondary and ter- 
tiary induction are now known to be required for cyto-differentiation 
and morphological change during organogenesis (Fleischmajer and 
Billingham, 1968). A few of the morphological changes which require 
specific inductive interactions are kidney tubule development (Gorbstein 
and Dalton, 1957), salivary gland formation (Gorbstein, 1953), and 
limb bud formation (Stark and Searls, 1973; Searls and Janner, 1973). 

Spemann's original observation prompted many investigations aimed 
at the isolation and identification of unique "inducer" substances 
produced by inducer cells (review by Holtfreter, 1968). Although a few 
natural inducer substances have been isolated during the past fifty 


years (review by Tiedemann, 1976), a variety of foreigntissues (Takata 
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and Yamada, 1960; Kawakami, 1976), heat-killed tissues (Bautzmann, et. 
al.,1932), ions such as ta Catan (review by Holtfreter, 1968; Brunner, 
1977), and even treatment with methylene blue (Waddington, et. al., 1936) 
have been found to mimic induction. Holtfreter (1968) noted that the 
use of these artificial inducers has provided valuable clues about the 


process of induction. However, the molecular mechanisms of induction 


within the embryo itself are still not understood. 


In the past two decades much evidence has been accumulated on the 
physical and chemical effects of the extracellular matrix on differen- 
tiation and morphogenesis (Manasek, 1975; Manasek, 1976a). For example, 
morphogenic movements in heart formation are apparently directed by 
regional accumulation of glycoprotein in the basal laminae (Manasek, 
1976b). The extracellular matrix may also serve in a permissive or 
modulator role in induction: matrices containing collegen, glycosamino- 
glycan, and glycoprotein are found at many sites of induction(Koch and 
Gorbstein, 1963; Kosher and Lash, 1974; Newsome, 1976). The glycosamino- 
glycans and glycoproteins may react with specific receptors and the 
cell membrane of the induced cell, activating certain metabolic 
pathways (Nevo and Dorfman, 1972). The matrix may influence the 
microenvironment surrounding the receptor cells by concentrating ions, 
or by binding enzymes, nutrients, and/or other substances necessary 
for cell proliferation and differentiation (Newsome, 1976). Therefore, 
changes in the composition of the matrix during development may play 
a passive role in the temporal programming of differentiation and 
morphogenesis (Newsome, 1976). 

In line with the influences of the extracellular matrix noted above, 


Brunner (1977) has recently presented an hypothesis as to how sequential 
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changes in the cellular microenvironment may direct the process of 
differentiation. He proposed that the cell membrane receptors act as 
mediators between environmental signals and genome expression, in a 
process termed "membrane impression". According to this hypothesis, 
Signals from the external environment are received by specific receptors 
in the cell membrane. These signals are transduced and transmitted 
through intracellular informational channels, termed an "effector 
network" by Seglen (1976), to the genome, and ultimately influence gene 
expression. The result is that, in anticipation of new environmental 
signals, new receptors are prepared along with the expression of a new 
cell phenotype. Brunner (1977) suggested that, in order to understand 
the control of differentiation (and thereby morphogenesis), more must 
be understood about the composition of the cellular microenvironment, 
the type of receptors available, and the "network" of enzymatic and 
chemical reactions which ultimately lead to a change in the pattern of 
gene expression. 

Nutritional studies, both in vivo and in vitro, have demonstrated 
that specific vitamins, proteins,and other nutritional factors are 
required at various stages of development (review by Romanoff, 1967). 
Enzymatic studies have provided clues as to the metabolic processes 
utilized by the developing embryo to meet the energy requirements for 
rapid cell proliferation and morphological change (Klein, 1976; Coffin 
and Hall, 1974; Seltzer, 1975). Enzymatic studies have been used to 
examine the state of differentiation of certain tissues. This approach 
provides a sensitive means of detecting cytological changes during 
development (Medoff, 1967; Murzullo and Desiderio, 1972). Also, enzymatic 


studies have provided evidence as to the role of metabolites such as 
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cyclic AMP and cyclic GMP in the intracellular control of differentia- 
tion (McMahon, 1974; Culter and Rodan, 1976). Drugs, such as 5-bromo- 
deoxyuridine, 5-fluorodeoxyuridine, and actinomycin D, interfere with 
transcription and translation. These have been used to examine the 
role which Holtzer (1976) terms the "quantal cell division" in the 
control of differentiation. 

Another approach to the study of the control of development and 
morphogenesis has been to examine the effect of environmental factors 
on normal embryonic development; minor variations from the optimal 
incubation conditions have pronounced effects on normal growth and 
development (review by Landauer, 1961). Several groups of investigators 
have reported that chicken and turkey eggs, illuminated under various 
light regimes during incubation, hatch earlier than eggs incubated in 
the dark (Shutze, et.al., 1962 ; Lauber and Shutze, 1964; Cooper,1972). 
Siegel, et. al.,(1969), Isakson et. al.,(1970) and Lauber (1975) 
found that acceleration of embryonic growth due to light exposure is 
in fact detectable within the first week of incubation. Lauber (1975) 
suggested that one possible approach to understanding the mechanisms 
involved in the light acceleration of development would be to identify 
the photoreceptor. Many fluorescent substances are quite unstable 
upon exposure to light, making them prime candidates for the photo- 
receptor. Therefore, Lauber and Kato (personal communication) 
conducted a preliminary fluorometric examination of the first week 
of development of the chick embryo. Groups of embryos of 
approximately the same body wet weight, between day three and day six 


of incubation, were dissolved in 75 percent sulfuric acid, and the 
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fluorescence spectra recorded. This examination revealed that several 
regions of emission dominate the spectral pattern, one of which shows 
a red-shift as development proceeds. 

However, sulfuric acid is known to induce intense fluorescence in 
various biological compounds (review, see Morton, 1976). Therefore, 
Igarashi (personal communication) followed Lauber's study by examining 
the spectral patterns obtained from embryos of the same developmental 
age utilized in the earlier study, but homogenized in a buffer containing 
phenylmethanesulfonyl fluoride, 0.25 M sucrose and gME. This buffer 
maintains at least some enzymatic activity and minimizes leakage of 
mitochondrial and nuclear substances (Igarashi, personal communication). 
Igarashi's study confirmed the earlier observation; three major regions 
offluorescence were noted, the middle region shifting to the red as 
development proceeds. In addition, Igarashi (unpublished data) fractionated 
the homogenate of chick embryos by differential centrifugation in an 
attempt to identify the sub-cellular location of these fluorescent 
substances. The major amount of fluorescence at each of the three 
emission peaks was found in the post-mitochondrial fraction, suggesting 
that the fluorophores are either free in the serum or cytosol, or bound 
to a soluble matrix. These fluorophores may or may not be involved in 
the photo-acceleration of development. It is probable, however, that 
the spectral shift is an indication of metabolic changes as development 
proceeds, or that it may be the result of a change in the microenvironment 
of a certain fluorophore during the first week of development. Therefore, 
a further study of embryonic fluorophore was warranted. 

The purpose of this thesis was to expand upon the fluorometric 


investigations conducted by Lauber, Kato and Igarashi, and to examine the 
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embryos homogenized in a buffer solution. However, a slightly 
different buffer solution, buffer "B'' (Igarashi, 1967), was utilized. 
This buffer did not contain PMSF,which is fluorescent and would inter- 
fere with our fluorometric observations. The spectra were recorded 
from homogenates of individual embryos of Hamburger-Hamilton stage 16 
to 30 in order to define the precise spectral pattern exhibited at 

each stage. This allowed us to pinpoint exactly when during 
development any changes occur, in particular the pronounced spectral 
shift observed in earlier investigations. Furthermore the sub- 
cellular location of the embryonic fluorophores was determined. An 
attempt was then made toward isolation and identification of these 
embryonic fluorophores, in hope of elucidating the role of these 
substances in morphological and cytological changes which occur at this 


point in development. 
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CHAPTER 2 
MATERIALS AND METHODS 
Z—\3 Materials: 

DEAE-cellulose (exchange capacity 1.20 meg/ml) was purchased from 
Whatman (Clifton, N.J.). Phosphocellulose (exchange capacity of 0.99 
meg/ml) was purchased from Schleicher and Schuell, Inc. (New Haven, 
Conn.). Sephadex G-10 (particule size 40-120) was purchased from 
Pharamacica Fine Chemicals (Uppsala, Sweden). Sucrose of the ultra pure 
quality, special enzyme grade, was purchased from Schwarts/Mann Co..- 
(Orangeburg, N.Y.). Acridine orange, Pronase (Streptomyces griseus 
protease), and a-chymotrypsin (bovine pancreas) were purchased from 
Calbiochemical Co. (Los Angeles, Cal.). Riboflavin was purchased from 
Bio-Rad Laboratories (Mississouga, Ontario). Trizma base, flavin mono- 
nucleotide, flavin adenine dinucleotide, hyaluronidase (bovine testis), 
lipase (hog pancreas), L-tryptophane, and L-tryrosine were purchased from 
Sigma Chemical Co. (St. Louis, Mo.). All other chemicals were of reagent 
grade purchased from the J.T. Baker Chemical Co. (Phillipsburg, N.J.) and 
were used without further purification. Eggs, from a stock of White 
Leghorn hens studied in this laboratory for many years, were obtained from 
the University of Alberta poultry farm (Edmonton, Alberta). 

2-2. Buffering System and Fixative: 
The following buffer-salt solutions were used as required: Buffer 


"B's 10 mM Tris-HCl (pH 7.8), 10 mM MgC1,, 50 mM KCL, 6 mM 8-mercapto- 


Oye) 
ethanol (Igarashi, 1967). 

BUeberee (pH? sO) 7) OU.) mM K, HPO), 19.5 m™ KH,PO, 1 mM 8-mercapto- 
ethanol (Igarashi, 1969). 


The following solution was used to fix embryos: Bouin's liquid: 
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75% saturated picric acid, 25% commercial formalin, 5% glacial acetic 
acid (Gabe, 1976). 

2-3. Methods: 

(i) Preincubation Treatment of Eggs: Only eggs collected from the 
afternoon lay were utilized, to minimize initiation of development 

prior to the beginning of incubation. In each experiment four dozen 
eggs, weighing from 50 to 60 grams each, were randomly arranged in 
rocker trays. The eggs were brought to room temperature three hours 
prior to the stage of incubation and placed in a pre-warmed incubator 

at approximately the same time of day in each experiment. 

Gti) Incubation Conditions: (a) Incubation conditions for the deter- 
mination of the relationship between H-H. stage, body wet weight, and 
cranial length: A David Bradley forced air incubator (model 400, Brower 
Mfg. Co., Quincy, Ill.) was utilized. Eggs were turned manually twice 
daily throughout the incubation period. A continuous recording of air 
temperature was made in a modified Rustrak recorder model 91/131 with 

a thermistor air probe (#TP 2002, Rustrak Inst. Inc., Manchester, N.Y.). 
The temperature was calibrated with a Conmark electronic thermometer 
1642 BPU; type 1642 (International Rectifier Co., Scarborough, Ontario), 
equipped with P-38 Cu/Con (copper/constantan) thermocouples (Leeds and 
Northrup Co., Calgary, Alberta). The mean air temperature was maintained 
at 37.5 °C + 0.3°C over the first seven days of development; however, due 
to the nature of the heating system there was a rapid fluctuation of 
approximately + 0.6°C around this mean every sixty seconds. The mean 
air temperature was monitored by placing the air probe in the center of 
the incubator at the level of the eggs. The relative humidity was 


maintained at 50 to 60 percent as measured with a humidity probe (Model 
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15-3001, Hydrodynamics Co., Silver Springs, Maryland). 
(b) Incubation conditions utilized to examine temperature effects 
and also to obtain embryonic material for fluorometric analysis: A 
National Appliance Co. incubator (model 3221, Heinicke Co., Portland, 
Oregon) was selected for use here. The air temperature, maintained by 
a water-jacket heating system, varied + 0.15°C around the mean every 
six hours. For the first six days of incubation the mean air temperature 
was maintained within + 0.5°C of the set incubation temperature of each 
experiment. Adequate ventilation was assured by a pre-heated air flow 
of 12 liters/minute. Relative humidity was maintained at 60 percent 
by filling the bottom of the incubator with water. 

Temperature within the egg was monitored by inserting a Cu/Con 
P-38 thermocouple into a small hole drilled at the blunt end of the egg. 
The holes were sealed immediately with hot paraffin and the thermocouple 
held in place with a small piece of Scotch tape. In each experiment, 
four eggs equipped with thermocouples were distributed randomly in the 
incubator among those set . The thermocouples were connected to the 
Conmark electronic thermometer equipped with a multi-channel selector 
unit (model 1694F, International Rectifier Co., Scarborough, Ontario). 
The egg air space temperatures were checked manually every twelve hours. 
Also, a continuous record of incubator air temperature was maintained 
with a Rustrak recording system described earlier. 
(iii) Treatment of Embryos: 
(a) Method of removing, staging, weighing, and photographing each embryo: 
After incubation for the desired period, eggs were removed from the 
incubator and cracked into a glass bowl. The embryo was cut free from 


the extraembryonic membranes with scissors, and lifted out with a 
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spatula. The amnoitic sac was removed with forceps, and the embryo 

was washed with 0.9 percent saline to free yolk sutstances still adhering. 
Each embryo was placed in a small weighing boat and the excess fluid 

was drawn off with a slip of filter paper. The wet weight was determined 
with a Federal Pacific precision torsion balance, model LG 250 mg 
capacity (Northboro, Mass.). 

The embryo was photographed under the following conditions: after 
removal of the extraembryonic membranes and the excess yolk, each embryo 
was placed on its left side in a small plastic petri dish. The dish was 
sets on*a¥lieht box (modelei2-120; ItRsE.eCo., Cheltenham, Pa:). Two 
optic fiber light guides, FD3A-3, were directed toward the embryo from 
an incandescent source ( lota-Camfiber optic corp., Wakefield, Mass.). 

A picture of the embryo was taken with a Nikon F camera with a 20 mm F/5.6 
lens. The camera was mounted on a Nikon F repro-copy stand PF (Nippon 
Kogaku, Tokyo, Japan). 

(b) Treatment of the embryos used to establish the staging system: 

When preparing embryos for use in establishment of a staging system, 

three eggs were sampled every twelve hours from 72 to 168 hours of 
incubation. Each embryo was removed from the egg, weighed, and photo- 
graphed in the manner described above. The H-H. stage of each embryo 

was then carefully determined under a Zeiss Stereozoom III dissecting 
microscope (Carl Zeiss Canada Ltd., Toronto, Ontario) with total 
magnification of 1x to 4x. The embryos were then placed in Bouin's 
fixative and re-examined at a later time, to confirm the staging decision. 
(c) Treatment of embryos for the determination of temperature effects 
and for use in fluorometric analysis: Embryos used for these studies 


were treated slightly differently from the treatment described in (a) and 
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(b). Twelve eggs each day were sampled on the third, fourth, fifth, 

and sixth day of incubation in each of the four temperature experi- 
ments. Each embryo was removed from the egg, weighed, and photographed 
as described earlier. In order to ensure complete removal of yolk 
substance, each embryo was washed five times with clean 0.9 percent 
saline. Care was taken to minimize the exposure of embryos to light, 
thereby preventing photo-decomposition of embryonic substances which 
might be of interest in future studies. Embryos were frozen in liquid 
nitrogen within two minutes after removal from the egg. The frozen 
embryos were placed in individual vials and stored in the dark at -20°C 
for later analysis. 

(iv) Measurement of Cranial Length: The cranial length of each embryo 
was measured on the photographic negatives. This is illustrated in Fig. 
1 of Chapter 3. All measurements were corrected to the value of 1x 
magnification. 

(v) Preparation of Embryo Homogenates Utilized in Fluorometric 
Analysis: Individual embryos were homogenized in 1 ml of buffer "B" at 
pH 7.8, with a glass homogenizer. The homogenizer was then washed with 

1 ml of buffer "B'", which was then added to the original homogenate. The 
solution was clarified by centrifugation at 12,000 x g for 10 minutes at 
4°C in a Beckman J-21 refrigerated centrifuge (Beckman Instrument Co., 
Palo Alto, Cal.). The post-nuclear supernatant was drawn off and brought 
to a final volume of 4 ml with buffer "B" and frozen. The entire procedure 
was performed in dim light, and the vials contaning each supernatant were 
wrapped in aluminum foil and placed on ice to minimize the possibility of 


photo-decomposition. 


(vi) Fluorometric Analysis: A Baird-Atomic "Fluorispec" (Model SF-100, 
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Baird-Atomic Corp., Newark, y.J.) equipped with a Houston X-Y recorder 
(Model 2000), Bausch and Lomb Corp., Rochester, N.Y.) was utilized to 
examine and record the spectral patterns. The range of intensities 
detectable by this instrument are: an upper limit equivalent to the 
fluorescence exhibited by a 0.1 mM solution of acridine orange in double 
distilled water; a lower limit equivalent to the fluorescence exhibited 
by 0.0001 mM solution when excited at 470 nm and the emission read at 

530 nm. All spectral recordings were calibrated to a photometer sensit- 
ivity of fine gain at 10 and course gain at 300, with the X-Y recorder 
set of 10 mv/inch. At this sensitivity a 0.1 m™ acridine orange solution 
yields a relative fluorescence value of 13. 

The temperature of the water-jacketed cuvette chamber was maintained 
atei9.0°C 2 0.1°C. with a Haake circulator (Model F-4391, Haake Inst., 
Berlin, West Germany). The spectra were always recorded from the longer 
wavelength to the shorter wavelength in order to minimize photo-decomposi- 
tion of the fluorophores of interest. As an additional precaution against 
photoadduct formation,each embryonic sample was examined only once. In 
order to quantitate the fluorescence intensity, a 0.01 mM solution of 
acridine orange in double distilled water was used as a standard in each 
spectral recording. 

(vii) General Fluorometric Survey of Embryonic Development: Embryos 
were taken from an experimental group incubated at 37.5°C. Embryos 
incubated for three to six days were staged on the basis of cranial 
length and H-H. stage. The post-nuclear fraction from each embryo was 
prepared and examined fluorometrically as already described. The 
major peaks of excitation and emission wavelengths were recorded and 


standardized (Chapter 4 section iv). 
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(viii) Examination of the Fluorescence Pattern from Egg Yolk: Samples 


of yolk were prepared from the unbroken yolk of an unincubated egg, and 
from eggs incubated from three to six days. The samples were placed in 
a 1 ml plastic vial, covered with aluminum foil, and frozen immediately. 
Two hundred mg portions of each yolk sample were thawed and homogenized 
Separately, as previously described for whole embryos. The resulting 
yolk supernatants, each suspended in 4 ml of buffer "B", were further 
diluted eight times with buffer in order to reduce light scattering, and 
the fluorescence patterns were recorded as described above. 

Cis) Fractionation of Embryonic Extract: Embryonic homogenates were 
subjected to a fractionation procedure described in detail in Chapter 5-2, 
section (i). Depending on the size of the embryos to be studied, it was 
necessary to pool from four to sixteen embryos to obtain enough material 
for identification of the fluorophores. A typical analysis involved two 
age groups, one of embryos of H-H. stage 16-20 and the second of H-H. 
stage 28-30. A 1 ml aliquot of each fraction was diluted to a final 
volume of 3 ml with buffer '"B" and examined fluorometrically. The rela- 
tive fluorescence of each emission peak was then multiplied by the total 
volume of that fraction, in order to approximate the fluorophore content 
of each fraction. The intensity of fluorescence was further corrected 
against the acridine orange standard solution (0.01 mM in distilled water) 
with excitation at 370 nm and emission at 525 nm. 

(x) Examination of the Instability of the 470 nm Emission Component: 
The following approaches were taken to examine the stability of the 470nm 
emission peak. (ga)! Short term storage conditions: The fluorescence 
spectra of the post-nuclear supernatants were compared from two embryos 


(H-H. stage 27), one frozen in dry ice-acetone and the other frozen in 
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liquid nitrogen. (b) Alkaline treatment: The post-nuclear supernatant 
from an embryo of state 28 was adjusted to pH 11 by addition of 0.1N 
NaOH, then allowed to stand at room temperature for 30 minutes. The 
solution was then neutralized with 0.1 N HCl and brought to a final pH 

of 7.8. This solution was then examined by fluorometry and the pattern 
compared to the original one. (c) Photo-decomposition: The relative 
fluorescence of the 440 nm and 470nm emission peaks were determined from 
the post-nuclear supernatant of a stage 28 embryo homogenate. The 
supernatant was exposed to the xenon lamp of the fluorospectrophotometer 
set at a wavelength of 370nm, for 90 minutes. The relative fluorescence 
was again determined for the 440nm and 470nm emission peaks. (d) Pro- 
longed storage conditions: The fluorescence spectra of the post-nuclear 
supernatant of stage 28 embryos were examined after storage at -20°C for 
approximately one year, and the results were compared with those obtained 
from the same sample one year earlier (first measured by Igarashi). 

(xi) Fluorometric Analysis of Solutions of L-Tyrosine and L-Tryptophane: 
Stock solutions of 1 mg/ml of crystalline L-tyrosine and L-tryptophane 
were prepared in double distilled water. Each solution was kept on ice 
and the entire flask wrapped in aluminum foil, to prevent photo-decomposi- 
tion. The desired dilutions (from 0.01 mM to 0.5 mM) were made with double 
distilled water. The spectral patterns were recorded over a range of 
dilutions and the relative fluorescence of each peak at each dilution 

was quantitated. 

(xii) Fluorometric Analysis of Coenzyme Solutions: Stock solution (1mM) 
of riboflavin (RF), flavin adenine dinucloetide (FAD) and flavin mono- 
nucleotide (FMN) were prepared in double distilled water. Each sample 


was then brought to a finalconcemtration of 0.5 mM in buffer "B" pH 7.8. 
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The fluorescent characteristics of these substances were recorded and 
compared. 

(xiii) Chromatographic Techniques: The following chromatographic 
procedures were used in attempts to purify the embryonic fluorophores. 
The effluent from the following columns was channeled through a quartz 
flow-through cell for the measurement of fluorescence. (a) DEAE- 
cellulose chromatography: A 25ml column of DEAE-cellulose was equili- 
brated with buffer "K" (Igarashi, 1969) at pH 7.0. A 5ml sample of the 
soluble fraction was obtain by fractionation of the homogenate of four 
embryos of state 28 to 29 according to the procedure outlined in section 
(ix). This sample was diluted with buffer '"K" to give a final concentra- 
tion of 35 mM KCl. The effluent was monitored with the Baird-Atomic 
Fluorispec with excitation set at 370nm and emission set a 460nm. The 
sample was loaded and the column washed with 100 ml of buffer "K", 
followed by a KCl gradient from 0 to 500 mM KCl in buffer "K". The 
elution patterns were recorded on a YSI recorder (Model 81A, Yellow 
Springs Instruments Co., Yellow Springs, Ohio). (b) Phosphocellulose 
chromatography: A 25 ml column of phosphocellulose was equilibrated 
with buffer "K", at pH 7.0. The remaining procedures were the same as 
described for DEAE-cellulose chromatography. (c) Sephadex G-10 
chromatography: A 25 ml sephadex G-10 column was equilibrated with 
buffer 'K'' at pH 7.0. A 3 ml sample of the soluble fraction obtained 
from embryos of H-H. stage 28 was prepared as described previously. The 
undiluted sample was applied to the column and the column was washed with 
buffer "K''. The elution pattern was monitored fluorometrically, as 
previously described for ion exchange chromatography. 


(xiv) Ethanol Precipitation Method: Each sample was brought to a final 
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concentration of 75 percent ethanol by the addition of 98 percent ethanol. 


The sample was then placed on ice for one hour to permit full precipita- 
tion. It was then centrifuged at 12000 x g at 4°C for 10 minutes in a 
Beckman J-21 refrigerated centrifuge. The ethanolic supernatant was 
decanted and kept on ice in the dark for fluorometric analysis later. 
The insoluble pellet was suspended in buffer "B" at pH 7.8, then brought 
to pH 11 by 0.1 N NaOH. This sample was saponified at 37°C in the dark 
for 16 hours. The saponified sample was neutralized with 0.1 N HCl to 

pH 7.8 and examined fluorometrically along with the original ethanolic 
supernatant. 

(xv) Chloroform Extraction Method: An equal volume of water-saturated 
chloroform was added to each sample. The mixture was then vortexed 
5 minutes and spun at 2,000 x g at 4°C for 10 minutes in the J-21 
refrigerated centrifuge. Three layers were formed: a top buffer layer, 
a middle denatured protein layer, and the bottom chloroform layer. The 
buffer layer was pipetted off first. The chloroform layer was then re- 
moved, evaporated to dryness, and the residue suspended in buffer "B". 
The middle, denatured layer could be resuspended in buffer in one of 
two ways: (1) dissolved in 9 M Urea, or (2) dried completely and 
suspended in buffer "B". The fluorescence spectra could then be 
recorded for each of the resulting fractions. 

(xvi) Enzymatic Digestions: Stock solutions (10 mg/ml) of the following 
enzymes were prepared in double distilled water: a-chymotrypsin , 
pronase, and hyaluronidase. The precise amount of enzyme used in each 
digestion is described in Chapter 5 in the sections dealing with the 
enzymatic digestion. Each digestion followed the same procedure unless 


otherwise specified. After addition of the enzyme, the sample (in buffer 
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"B" at pH 7.8) was mixed, and incubated in the dark at 37°C for 16 

hours. The digested sample was then centrifuged at 12,000 x g for 10 
minutes at 4°C in a Beckman J-21 refrigerated centrifuge. The supernatant 
was then removed, and its pH was checked to make sure it had remained 

at pH 7.8. The sample was kept in the cold in the dark until treatment 

or analysis. 

(xvii) TCA Precipitation Method: The volume of each sample subjected to 
trichloroacetic acid precipitation was first brought to the concentra- 
tion of 5 percent TCA by addition of an equal volume of 10 percent TCA. 
This solution was mixed by vortexing, and placed on ice for one hour. The 
solution was then centrifuged at 12,000 x g at 4°C for 10 minutes in the 
J-21 refrigerated centrifuge. The acidic supernatant was decanted and 
brought to pH 7.8 by addition of 0.01 N NaOH. The acid precipitate was 
solubilized by addition of 0.5 ml of 0.01 N NaOH. This alkaline solution 
was neutralized with the addition of approximately 0.5 ml of 0.01 N HCl; 
then the solution was brought to pH 7.8 with the addition of 1M Tris 
butser @pHii8) ite a finalconcentrationsof 0:1 M¥Trisy “Both the TCA- 
soluble and the TCA-insoluble fractions were examined fluorometrically, 


and each emission peak was quantitated. 
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CHAPTER 3 
GROWTH PARAMETERS FOR THE CHICH EMBRYO 
3—1. Introduction: 

In work described in Chapter 1, it was found that acceleration of 
embryonic development due to light exposure is detectable as early as in 
the first week of development (Isakson et. al., 1970; Lauber, 1975). 
Preliminary studies, concerned with identification of substances possibly 
involved in this acceleration, revealed that there are changes in the 
fluorescence spectra between the third and sixth day of development 
(Lauber and Kato, Igarashi, unpublished data). In pursuing this line of 
studies, it was felt that the instability of fluorophores in the embryonic 
extract must be taken into consideration. During the preparation of 
embryonic extract in the future studies, it was decided to freeze each 
embryo as quickly as possible after removal from the egg, thus minimizing 
the decomposition of fluorophores. This made it neccessary to devise a 
simple but accurate means of recording and identifying the developmental 
stage of individual embryos up to six days of development. Only then 
may it be possible to correlate the morphological events to fluorometric 
analyses which will be described in Chapter 4. This chapter is devoted 
entirely to establishing the relationship between H-H. stage (stages 16 
to 30) and such growth parameters as body weight and dimensions of various 
parts of the chick embryo. 

In hopes of finding a growth parameter which could be quickly 
measured and correlated with the developmental stage, the side view 
photographs were taken of individual embryos of H-H. stage 16 to 30 
(approximately three to six days). We measured the brain region, which 
is disproportionally large and grows rapidly during this period (Romanoff, 


1960; Garrigan, 1963). A strict correlation was found between the 
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cranial length and both body wet weight and H-H. stage. 

It was also necessary to examine the effect of incubation conditions 
on the above correlation. Even minor deviations from the "optimal" incuba- 
tion conditions (for review, see Landauer, 1961), in particular temperature, 
may have pronounced effects on normal growth and development (Romanoff, 1936 
and 1938; Cruz, et.al.,1968). The difference in incubation conditions may 
offset the correlation between a growth parameter and the developmental 
stage. Upon examination, the correlation between cranial length, body 
wet weight and H-H. stage was found to be unaffected by the incubation 
temperatures ranging from 35.5 to 38.5°C. 

Using the established correlation, each embryo could be washed, weighed, 
photographed, and frozen within two minutes after remonal from the egg, 
thus minimizing the decomposition of possibly unstable chromophore. The 
permanent photographic record permitted us to estimate the developmental 
stage by a simple measurement on the photographic negative. The develop- 
mental stage of a particular embryo used in the fluorometric analysis can 
thus be determined at a later date. The procedure allows us to pinpoint 
the time in development when any changes in fluorescent pattern take place, 
as well as to compare these findings with past studies dealt with the same 
period of development. 

3-2. “Results: 
(i) Correlation between H-H. Stage, Body Weight, and Cranial Length: 

The first experiment was designed to investigate the relationship 
between the cranial length, wet weight and the H-H. stages from 16 to 30. 
The eggs were incubated under the conditions known to be optimal for normal 
development as reviewed by Landauer (1961). The equipment and incubation 
conditions utilized are described in detail in Chapter 2-3 (ii). 


It was necessary to remove eggs for sampling frequently over the 
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seven days of incubation. It was thus desirable that the incubator 
utilized rewarm rapidly after being opened. A forced draft incubator 
was chosen since it regains an operating temperature within five minutes 
after the door has been opened. Thus the effect of temperature fluctua- 
tion was minimal. Also, because many other factors can lead to variation 
in developmental rate (for a review AGS Geyiharse of lols the decision on 
the developmental stage of the individual embryos was based on assessment 
of growth parameters and morphological characteristics, rather than on 
incubation time per se. 

In an attempt to establish an easily measured growth parameter, eggs 
were sampled every 12 hours, from 72 hours to 164 hours of incubation time. 
After removal from the egg, each embryo was washed with saline, photo- 
graphed, and weighed, as described in Chapter 2-3 (iii). The embryo was then 
placed in Bouin's fixative for determination of the H-H. stage later. It 
was found that within the period of development of interest (stage 16-30) 
the long axis of the cranial area could be measured quite accurately on 
the photographic negative (Fig. 1). 

Figure 2 shows the logarithm of body weight plotted against the 
logarithm of cranial length for 15 embryos. Over the range of body weights 
from 10 mg to 450 mg, and the range of cranial lengths from 1.5 mm to 10 mn, 
the two parameters are significantly correlated (r = 0.96). In embryos 
larger than 450 mg, the rate of growth of the brain region slows and the 
correlation between these parameters is lost. 

In order to examine the relationship between each growth parameter 
and the H-H. stage, the cranial length (Fig. 3A) and the body weight 
(Fig. 3B) are plotted semi-logarithmically against the corresponding stage 
of each embryo. There is a linear relationship between the logarithm of 


each growth parameter and the H-H. stage, although the correlation between 
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Fig. 1. Cranial length measurement. The outline from a photograph 

of a stage 25 embryo (approximately five days) is shown. The measure- 
ment for the cranial length (CL) was made from the middle of the 
midbrain to the tip of the forebrain. This dimension can be measured 
in embryos from stage 16 to stage 30: CL, cranial length; MB, mid- 
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Fig. 2. Relationship between cranial length and body weight in chick 
embryos. Body weight is plotted against cranial length for 15 indi- 
vidual embryos on a log-log graph. The regression line has a slope 


of 2.15 and the correlation is highly significant (r = 0.96). 


LOG. BODY WEIGHT (mg) 


15 2.5 5.0 10.0 


LOG. CRAN. LENGTH (mm) 


7 


i 


ui 8) 


—_ 


Hi ( 


¢ 
Pa 

e 

Le 


rg 
yr. 


= tC 


~ 
J 
= 
_ 
* al 
a 


o 

a! 
+3 
i | 


r 


. \ ¥ ba | # * Tn, . 

; \ bh oO 
ot 

| \ ae 


’ 
; ‘ 
- 
= . 


: ' ; 
. \ 
oe => <» 4 — Minas -_ . a ) : 4 i aa). 
: . bad ow te ae eer ara RS cept Ne oma a, : 
501 ake as : 
: Ne ww Ne ’ % } 
: Tal : A 
rss : 
exe 

’ 
sue fo > > : tA “ 
a \ q aoe {1 ; we iy 

~ ae ' 

. hatee 
: =<+ ; oe 6 
7 _ j . 
ae a a 7 Ji _ waa) 

> a - a. € , Pe VLA 

-. "7 ~*~ , a 
hy are tale a eat oA - 
at, Pad eta has 


| * Aleit pals bre Haier: = eee: mit quéwaad gidenalteci 


7 


- 
pavzsado {versa tt. iveees! BA aed) 48-2) odd sumlage 
* > - ’ 

af. _ she om ada esanitit Oufenns X stactceat sf? .crvadaa 
: & 
co 


— ern eciaen ap ae SRR =a Auer 


i. ie ey 


poco capers ora _ 5 apt, fetirees Ya Gari ow “HS 


=@ 


25 


Fig. 3A. Relationship between the cranial length and the H-H. stage. 
The values of cranial length ( & ) from 15 individual embryos are 
plotted against the H-H. stage as determined by careful observation 
of each embryo. The broken lines indicate the 80 percent confidence 
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Fig. 3B. Relationship between body wet weight and the H-H. stage. 
The values of body weight ( @ ) from 15 individual embryos are 
plotted semi-logarithmically against the H-H. stage as determined by 
careful observation of each embryo. The broken lines indicate 


80 percent confidence limits. 
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the cranial length and the H-H. stage is lost beyond stage 29. 

In order to provide an independent check on the correlation between 
H-H. stage and cranial length, the cranial length was measured from the 
photographs of the "typical specimens" for each stage, as presented in 
Hamilton's account of the H-H. staging system (1952). Figure 3C shows 
these values of cranial length, corrected to actual length (1x), plotted 
semi-—logarithmically against the H-H. stage. The regression lines deter- 
mined in Fig. 3A for our own embryos, and in Fig. 3C for the "typical 
specimens", have identical slopes. This supports the contention that our 
means of estimation of stage from cranial length is quite reliable, and 
its use provides a means of estimating the H-H. stage without the need 
for time-consuming morphological observations. 

The usefulness of body weight as a means of estimation is limited. 
A considerable degree of error may be introduced into the weight values 
of the smaller embryos (stages 16-24), due to incomplete removal of the 
Saline used to wash the embryos. However, this error is reduced beyond 
stage 24 as the body weight begins to increase logarithmically. By stages 
29 and 30, where the cranial length estimate can no longer be used to 
assess H-H. stage accurately, the body weight values may be used to 
estimate stage. 
(ii) Temperature Effect on the Correlation Between Three Growth Parameters: 

It is well known that the incubation temperature has a direct effect 
on the rate of embryonic growth and on the differential growth of various 
organs. It has also been established that temperature extremes increase 
the incidence of mortality or embryo malformation (Romanoff, 1936; 1938; 
1939). Therefore, we undertook a study to determine if small differences 
in incubation temperature could affect the correlation between the three 


growth parameters established in section (i). 
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Fig. 3C. Relationship between cranial length measured on Hamilton's 
(1952) example illustrations, and H-H. stage. The cranial lengths 

were measured from the photographs in Hamilton's text book of the 
embryos typical of each stage of development. These values are plotted 
semi-logarithmically against the corresponding stage. The regression 


line determined is identical to that in Fig. 3A. 
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The water-jacketed incubator chosen was one in which the actual 
air temperature varied + 0.15°C around the selected temperature over a 
six-hour period. In each experiment the air cell temperature was monitor- 
ed in four eggs, placed from the front to the back of the incubator, with 
Cu/Con P-38 thermocouples inserted into the air cells. The air tempera- 
ture of the incubator was monitored as before, by a Rustrak thermistor air 
probe placed at egg level in the center of the incubator, and recorded 
on a Rustrak strip chart recorder. The relative humidity was maintained 
at 50 to 60 percent at all incubation temperatures, and an air flow of 
pre-warmed air was set at 12 liters/minute to insure proper ventilation. 
The source of the equipment utilized, the methods of recording tempera- 
ture, and the precise incubation conditions are outlined in Chapter 2-3 
Cri) 

Four experiments were conducted, four dozen eggs in each, at incuba- 
ELloustemperaturessectines of55.0+C, 360+)+0,15/ 60°C, and 36.5 Clas des— 
cribed in Chapter 2-3 (ii). The recordings of incubator air temperature 
made during each experiment are presented in Fig. 4. The air cell tempera- 
ture of the eggs in the center of the incubator followed the recorded air 
temperature. From the front to the back of the incubator there was an air 
temperature gradient of approximately 0.8°C at each of the incubation 
temperature settings noted above. Due to this gradient, the air cell 
temperatures of the eggs throughout the incubator fell within a range of 
+ 0.4°C around the recorded air temperature. However, because the eggs 
were kept at the same position within the incubator for the duration of 
each experiment, this temperature gradient need not be considered a factor 
leading to variation between experiments. 

The factor of incubation time was reintroduced in order to demon- 


strate the effects of temperature on growth rate and on developmental 
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Fig. 4. Recordings of the temperature in the incubator over six days 
at four temperature settings. A continuous air temperature recording 
was made with a Rustrak thermistor air probe. Each point represents 
the air temperature in the center of the incubator at egg level read 
at two-hour intervals. (The air cell temperatures of the eggs were 
spread around air temperature + 0.4°C.) The fluctuation of air 
temperature at each setting is presented.(@) eeyeries (Ci) S65 Gs 
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rate. During each of the four temperature experiments, twelve eggs 
(three from each of four egg trays) were removed daily, from the third 

to the sixth day of incubation. The embryos were then weighed, photo- 
graphed, and frozen in liquid nitrogen. Before examining the differences 
in growth rate due to incubation temperature, it is necessary to establish 
that there was not excessive malformation or mortality at any of the 
temperatures utilized. Table I lists the percent of early death and the 
number of embryos normally developed at the end of six days of incubation 
at each incubation temperature. Embryos obviously deformed or weighing 
more than 2.5 times the S.E.M. of the mean body weight of that group were 
considered abnormal. This table shows that both the highest mortality, 
11 percent, and the lowest normal development, 77 percent, occurred in the 
eges incubated at 35.5°C. This result was expected in view of the known 
effect of deviation from the optimal incubation temperature (Romanoff, 
bOSG pL ISG: Cruz, et. al. (1968) 

Table II presents the mean values of cranial length and of body 
weight, in terms of percent variation from the values obtained under 
conditions defined as "optimal" for normal growth and development 
(review by Landauer ,1961). The values obtained at the incubation 
temperature of 37.5°C were considered to be 100 percent normal growth. 
Examining Table II, by the sixth day of incubation (144 hours) at 35.5°C, 
2°C below the optimal temperature, mean body weight was 50 percnet 
less than the optimal, and 40 percent greater at 38.5°C, 1°C above optimal. 
Also the mean cranial length at 35.5°C, 2°C below the optimal tempera- 
ture,was 30 percent less than that at optimal, and wasl0 to 20 percent 
greater at 38.5°C, 1°C above the optimal incubation temperature. These 
results confirm that temperature is a major factor influencing growth 


rate. 
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To further demonstrate the differential growth rate at various 
temperatures, the mean body weight (Fig. 5) and the mean cranial 
length (Fig. 6) from each day and temperature group (listed in Table IIT) 
are plotted against time of incubation. The Duncan's multiple-range 
test (Duncan, 1955) was performed,utilizing the mean values of body 
weight and cranial length. This test takes into account the total number 
of groups and the numbers in each group, compares the group means, and 
indicates which means are significantly different. The results of this 
test are illustrated as a series of vertical lines on the right hand 
column of Fig. 5 and Fig. 6. When the vertical lines do not overlap, the 
mean values are different at the 95 percent level of significance. The 
large differences in both growth parameters,seen between the temperature 
groups at day six, verify the effect of incubation temperature on growth 
rate as measured by these chosen parameters. Therefore, before these 
parameters are utilized to estimate the H-H. stage, it is necessary to 
determine if the correlations previously established for the relationships 
between the chosen parameters are altered by variation in incubation 
temperature. 

Figure 7 demonstrates the relationship between body weight and 
cranial length,from embryos grown at various incubation temperatures. The 
mean values of body weight are plotted against the mean values of cranial 
length for each day and temperature group. All the values fall on the 
single regression line with a slope of 2.05, similar to the slope of 2.15 
obtained in Fig.2 in which these parameters are compared from embryos 
grown at optimal temperature. These results indicate that the correla- 
tion between the two growth parameters is unaltered over the incubation 
temperature range examined. 


In order to examine the effect of temperature on the correlation 
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Fig. 5. Incubation temperature effect on body wet weight in three-to- 
six-day embryos. After removal of extra-embryonic membranes, includ- 
ing the allontois, the embryo was washed in saline, then placed ina 
small weighing pan, excess saline was drawn off with a slip of filter 
paper, and the wet weight recorded. Each point represents the mean body 
wet weight plotted against incubation time in hours, and the numbers of 
embryos in each group are given in Table III.The values were subjected 
to the Duncan's multiple-range test, and the results are listed as a 
series of vertical lines on the right hand column of the figure. When 
the vertical lines do not overlap, the mean values are different at 

the 95 percent level of significance. Temperature settings were: 
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Fig. 6. Incubation temperature effect on cranial length in three-to- 
six-day embryos. The cranial length was measured on photographic .Cc¢ 
negatives. Each point represents the mean cranial length plotted 
against incubation time in hours, and the numbers of embryos in each 
group are given in Table III. The values were subjected to the Duncan's 
multiple-range test, and the results are listed as a series of vertical 
lines on the right hand column of the figure. When the vertical lines 
do not overlap, the mean values are different at the 95 percent level 

of significance. Temperature settings were: (A) 35.5°C; (B) 36.5°C; 
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Fig. 7. Temperature effect on the body weight-cranial length relation- 
ship. The mean body weight and cranial length values from four temp- 
erature settings, along with the S.E.M. for each group at each temp- 
erature, are shown on the log-log plot. The regression line, with a 
slope of 2.05 and r=0.92, was determined utilizing the individual body 


weight and cranial length values from all the temperature experiments. 
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between these two parameters and the H-H. stage, an assignment 
of the H-H. stage of each embryo was made and recorded as the embryo 
was being photographed. Figure 8 shows the cranial length and Fig. 9 
shows the body weight plotted semi-logarithmically against H-H. stage. 
The regression lines and the 80 percent confidence limits were determined 
and superimposed on each graph. Comparing the regression lines here with 
those determined in Fig. 3A and Fig. 3B respectively, the slopes are not 
significantly different at the 80 percent level of significance. The 
figures suggest that the relationship between the two growth parameters 
and the H-H. stage is not changed by variation in incubation temperature. 
Finally, having established that overall growth rate is affected by 
incubation temperature, we attempted to determine whether the rate of 
development, in terms of H-H. stage attained, is affected to a similar 
degree. The mean values of cranial length listed in Table III were appli- 
ed to the standard curve in Fig. 3A and the H-H. stage extrapolated and 
plotted against incubation time in Fig. 10. The resulting curves 
indicate differences in the rate of development between incubation temp- 
erature. On each day between three and six days of incubation the group 
of incubation temperature of 38.5°C, 1°C above optimal, is four to five 
H-H. stages ahead of the group at 35.5°C, 2°C below optimal temperature. 
The above results indicate that although growth rate and develop- 
mental rate are influenced by incubation temperature, over the time period 
investigated, the relationships between the cranial length, body weight, 
and the H-H. stage are unaffected. Therefore, the selected parameters 
may be utilized to estimate the H-H. stage. Also, since the cranial 
length increases rapidly during the first portion of the developmental 
period studied, it presents a more precise parameter,with which to 


estimate H-H. stage during this period, than does the parameter of body 
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Fig. 8. Temperature effect on the relationship between cranial length 


and the H-H. stage. Individual cranial length values from four temp- 


erature settings are plotted semi-logarithmically against the H-H. 


stage. Each point represents a single embryo, whose H-H. 


stage was assigned during a brief observation while the embryo was 


being photographed. The regression line (solid) and the 80 percent 


confidence limits (broken lines) are presented. The temperature set- 


tingsawere:) CA) 635.0263. (@)) 36.5.C: 
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Fic. 9. Temperature effect on the relationship between the body 
wet weicht and the H-H. stage. Individual body wet weight values 
from four temperature settings are plotted semi-logarithmically 
against the H-H. stage. Each point represents a single embryo, 
whose H-H. stage was assigned during a brief observation 

as the embryo was being photographed. The temperature settings 
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Fig. 10. Temperature effect on advancement of H-H. stage. Here stage 
has been estimated by applying the values of mean cranial length listed 
in Table III to the H-H. staging curve Figure 3A and extrapolating to 
the H-H. stage. The estimated H-H. stages are plotted against incub- 
ation period for each temperature group: (A) 35.5°C; (@) 36.5°C; 


CO) 5/5 2C; andae Ce) meoor oC. 
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weight. 
5-8. Discussion and Summary: 

When investigating biochemical processes occurring during embryo- 
genesis, many workers have found it necessary to pool embryos, particular- 
ly at the early stages of development, in order to obtain sufficient 
material for microchemical analyses. However, as Seltzer (1975) pointed 
out, the technique of fluorometric analysis is very sensitive and permits 
a minute quantity of embryonic material to be used. ‘There is a 
possibility of qualitative, and even semi-quantitative ,determin- 
ation of certain fluorescent compounds in individual embryos as small as 
10 mg of body weight. It therefore becomes important to know the precise 
developmental state of each of the individual embryos examined. 

As noted in the introduction, a problem was encountered in the 
utilization of the conventional method of determining the developmental 
stage of the individual embryos for biochemical analyses. The components 
to be analyzed fluorometrically were possibly subjected to decomposition. 
A rapid » yet accurate, means of estimation of the developmental 
stage was therefore necessary. 

In attempts to establish a method of quickly estimating the H-H. 
stage of embryos, it was hoped that a growth parameter could be measured 
from photographs of embryos and correlated with the developmental stage. 
We attempted to assess various growth parameters of the chick embryo, 
such as length-width ratios of the limb buds and the degree of eye 
pigmentation, both used in past studies (Hamburger and Hamilton, 1951) in 
correlation with the H-H. stage. However, the leg and wing buds were 
difficult to measure on an unfixed embryo, and the degree of eye pigmenta- 
tion could not be judged accurately from a photograph. This necessitated 


the search for a more readily analyzed parameter. 
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We noted, as have other workers (Gerrigan, 1963; Romanoff, 1960), 
that the brain region of the chick embryo is quite prominent and 
increases rapidly during the period of development investigated here. 
When utilized as a growth parameter, brain length is easily and accurate- 
ly measured on a photographic negative. This parameter, referred to in 
this study as cranial length, was found to be highly correlated both with 
body weight and H-H. stage, under incubation conditions considered optimal 
for normal development. Body weight was also found to be correlated with 
the H-H. stage. Based on these observations, standard curves were pre- 
pared, from which the H-H. stage of development may be extrapolated from 
each growth parameter, cranial length, and body weight. However, the use 
of the cranial length measurement in estimating the H-H. stage is simpler 
and more accurate than the use of body weight,over the develop- 
mental period of interest in this investigation. 

As noted in the introduction,the selected growth parameters could 
not yet be utilized to estimate developmental stage without 
era ica that the correlations between these growth 
parameters and the H-H. stage are not affected by minor variations from 
the incubation conditions considered as optimal. Because temperature is 
the incubation condition which exerts the most pronounced effect on 
normal growth and development (Romanoff, 1936; 1938), we undertook a 
study in which all other factors were held constant and the incubation 
temperature was varied. 

The differential growth of embryos was examined from the third to 
the sixth day of incubation, over a range of incubation temperatures from 
5s Gece Ca pelLowathneatemperatune detined as .optimal,’s to 38.5°C,,.14C 
above. By the sixth day in incubation, large differences were seen 


between temperature groups. At the higher incubation temperatures, the 
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mean cranial lengths and body weight were much greater than in the lower 
temperature groups. Mortality and malformation rates were comparable at 
each temperature. The differences in the body weight values are similar 
to the values presented by Romanoff (1960, p. 1145), obtained in several 
studies conducted over the same range of incubation temperatures used 
here. The results demonstrate that minor deviation from "optimal" 
incubation conditions has a major effect on the rate of growth. 

It was difficult to quantitate a precise rate of development, since 
the developmental state is defined in the arbitrary units of H-H. stage. 
However, we were able to demonstrate differences in the developmental 
stages attained at different incubation temperatures. During the incuba- 
tion period of interest here, the group of embryos raised at "optimal" 
incubation temperature (37.5°C) were always two to three H-H. stages 
ahead of the embryos incubated at 2°C below “optimal”, and were one to 
two stages behind embryos grown at 1°C above "optimal" incubation tempera- 
Bewer. 

Therefore, we have been able to demonstrate that growth rate, and 
indirectly developmental rate, is increased at above-optimal incubation 
temperatures,whereas the reverse is found at sub-optimal temperatures. 
However, incubation temperature has no effect on the relationship between 
the two growth parameters, body weight and cranial length, nor does it 
alter significantly the correlation between those growth parameters and 
the H-H. stages. This confirms the accuracy of the use of the cranial 
length measurement as a means for assessment of the H-H. stage of 
individual embryos. 

The use of this staging method allows embryos to be frozen shortly 
after removal from the egg, thereby minimizing the possibility of de- 


composition of unstable biochemical entities. By weighing and 
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photographing each embryo before freezing, a record of size and visual 
record of developmental stage can be maintained. The H-H. stage may be 
estimated from the cranial length at a later time and this information 
related to the results of the analysis of each embryo. Because minor 
differences in incubation temperature do not alter the correlation 
established between cranial length and stage, the chronological 
variation and the effects of slight devfations from optimal incubation 
conditions may be reassessed and normalized according to this staging 
method. This permits the comparison of the results of our bio- 
chemical studies (Chapter 4 and 5) with the results of other 
investigations concerned with the first week of embryonic development. 
In conclusion, the experiments presented in this chapter were 
undertaken in order to define the developmental stage of individual 
embryos in terms of easily measured growth parameters. We were able to 
establish a means of analysis which (1) provides a simple means by 
which the developmental stage of individual embryos could be assessed 
from the growth parameters of body weight and cranial length; the latter 
measurement proved to be the simplest and most accurate means of estimat- 
ine the H-H. stage; (2) permits the comparison of -our observations 
with the results of other workers, without the need to considerminor dif- 
ferences in incubation conditions; and (3) allows the embryos to be 
frozen quickly, thus forestalling degradation of embryonic compounds to 


be later analyzed by fluorometric or other biochemical techniques. 
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CHAPTER 4 
FLUOROMETRIC STUDY OF EMBRYONIC DEVELOPMENT 
4-1. Introduction: 
The second phase of this thesis deals with the fluorometric 
analyses of chick embryos during early development. As noted in Chapter 
1, a preliminary investigation of the fluorescence spectra of chick 
embryos of three to six days of development had been conducted by Kato 
and Lauber (unpublished data -). The embryos of certain body weight 
were pooled, dissolved in 75% sulfuric acid, and subjected to fluoro- 
spectrophotometric analysis. An increase in fluorescence intensity was 
detected as well as a shift in the emission peak as development prog- 
resses. However, the fact that the embryos were dissolved in sulfuric 
acid might have induced fluorescence by the formation of derivatives of 
certain compounds, e.g., steroids (Kalant, 1958; Albers, 1955). There- 
fore Igarashi (. unpublished data ) followed the early study by 
examining the fluorescence spectra of extracts from embryos of similar 
developmental age as used in the earlier study, but prepared by homogen- 
izing the embryos in a buffered solution. The results confirm that 
there is indeed a spectral shift as development proceeds,Ye also found that 
chromophore(s) responsible for the spectral shift is localized in the post- 
mitochondrial supernatant. Thus, further study of chick embryogenesis 
by means of fluorospectrophotometry is warranted. 
In the previous chapter, we established a precise staging method 
for chick embryos of three to six days of development. This method allows 
us to identify the stage of individual embryos and to analyze 
fluorescence spectra characteristics of any given embryo, instead of 
utilizing pooled embryos. The rationale behind the above approach is to 
pinpoint the exact stage at which spectral change, if any, takes place 
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during the early chick embryogenesis. Establishing the precise correla- 
tion between spectral change and the developmental stage, we may then 
advance our study towards characterization of chromophore or metabolic 
changes unique to a certain stage of morphogenesis and differentiation. 

In pursuing the above line of study, we had to introduce several 
changes in the experimental procedures employed in the earlier studies 
by Kato and Lauber and by Igarashi. The key was to prepare embryonic 
extract with a buffering solution containing anti-oxidant (8ME), which 
is necessary for maintaining at least some enzymic activities of the 
extract. We then monitored the fluorescence spectra of individual 
embryos, instead of pooled embryos, at the maximum sensitivity of a 
spectrophotometer, so as to detect the change in relative fluorescence 
as well as fluorescence maxima. 

The analyses revealed three major emission peaks: 350nm, 520-525nm, 
and 430-470nm. Of these three peaks, the first two show gradual increase 
in relative fluorescence as development proceeds, but without significant 
shift in emission maxima. However, the third component showed not only 
increase in intensity but also a dramatic shift in emission maximum. The 
observed shift in emission maxima was found to be stage specific. The 
midpoint of the shift is at H-H. stage 23, and is unaffected by incuba- 
tion temperature. The implications of this finding will be discussed 
later in this chapter and in Chapter 5. 

4-2. Results: 

(i) Fluorescence Spectra Characteristic of Early Embryonic Development: 
The post-nuclear supernatants from homogenates of individual embryos of 
known stage were prepared by the method described in Chapter 2-3 (v ), 
and subjected to fluorometric analyses as described in Chapter 2-3 (vi). 


A typical result obtained from an embryo of H-H. stage 16 is 
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illustrated in Fig. 11. It is apparent that there are three emission 
peaks: one in the UV region, 350nm (peak 1 in Fig. 11), and two in the 
visible region, 430nm and 520nm (peak 2 and 3). From the above data, 
it is clear that the chick embryo at stage 16 contains three dominant 
fluorescent compounds, although there must be innumerable fluorophores 
within cells but at concentration levels undetectable even at the maxi- 
mum sensitivity of the fluorospectrophotometer. 

It was then important to find whether the fluorescence 
spectrum at stage 16 remains essentially the same as development pro- 
ceeds to stage 30, or if spectral changes take place. Therefore, we 
studied the fluorescence spectra of embryos from stage 19 to 30 (three to 
six days) under conditions identical to those for the embryo in Fig. 11. 
The results are illustrated for the UV region in Fig. 12(A-D), and for the 
visible region in Fig. 13(A-D). Comparing the spectra obtained over the 
four days of development, it is obvious that two of the three peaks orig- 
inally seen at stage 16 are altered very little, aside from large increa- 
ses in fluorescence intensity, in the stage 30 embryo. The UV peak,accom- 
panied by a 10-fold increase in fluorescence intensity, undergoes a spec- 
tral shift from an excitation peak at 290nm and emission peak at 348nm in 
the stage 19 (three-day) embryo, to a 295nm excitation and 349nn. emission 
peak in the stage 30 (six-day) embryo. In the visible range, the 520nm 
emission peak present in the stage 16 embryo shifts slightly to a peak of 
525nm in the stage 30 embryo, with an accompanying 20-fold increase in 
intensity. The excitation peaks become clearer as the amount of this 
substance increases, reducing interference from the other regions. The 
spectrum changes from a broad peak (350nm to 470nm) at stage 16, to a 
well-defined double excitation peak by stage 30. The shift to the 345nm 


excitation may be the result of secondary fluorescence, induced by a 
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Fig. 11. The three regions of fluorescence emission character- 
istically found in a stage 16 embryo. This figure presents the 
emission pattern observed in the post-nuclear supernatant of an H-H. 
stage 16 embryo prepared as described in the text. There are three 
regions of emission which dominate the fluorescence pattern: the 
first (1) region is represented by an emission peak at 348nm; 


the second (2), by an emission peak at 430nm; and the third (3), 


by an emission peak at 590 nm. 
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Fig. 12 (A-D).- The progressive changes, during development, in 
the spectral patterns found in the ultraviolet region of fluor- 
escence emission from the post-nuclear fraction of embryonic 
homogenates. The spectral patterns in this region of emission 


are presented from the embryonic homogenates prepared as described 


in the text. The light lines ( ) on each figure represent the 
excitation spectrum (1); the heavy lines (~——) represent the 
corresponding emission peak (2). 

(A) shows the pattern obtained from an embryo of H-H. stage 19 (three- 
day) ; 

(B) shows the pattern obtained from an embryo of H-H. stage 24 (four- 
day) ; 

(C) shows the pattern obtained from an embryo of H-H. stage 27 (five- 
day); and 

(D) shows the pattern obtained from an embryo of H-H. Stage 29 (six- 


day). 
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Fig. 13 (A-D). The progressive changes, during development, in 
the spectral patterns found in the visible region of fluorescence 
emission from the post-nuclear fraction of embryonic homogenates. 
The spectral patterns in this region of emission are presented 
from the embryonic homogenates prepared as described in the text. 
The light lines (———— ) on each figure represent the excitation 
spectra; the heavy lines (————) show the corresponding emission 
spectra. 

(A) shows the spectral pattern obtained from the post-nuclear fraction 
of a stage 19 (three-day) embryo; spectrum (1) is the excitation 
spectrum of the 428nm emission peak (3); (2) is the excitation 
spectrum of the 520nm emission peak (4); 

(B) shows the spectral pattern obtained from a stage 24 (four-day) 
embryo; (1) is the excitation spectrum of the 452nm emission 

peak (3); spectra (2) and (4) are as described for (A); 

(C) shows the spectral pattern obtained from a Stage 27 (five-day) 
embryo; spectrum (1) is the excitation spectrum of the 470nm 
emission peak (3); and spectra (2) and (4) remain the same; 

(D) shows the spectral pattern obtained from a stage 30 (six-day) 


embryo; the spectra are as described in (C). 
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spectral shift described below. 

The third emission peak present in the stage16 embryo (430nm) 
undergoes a dramatic spectral shift as development proceeds. The 
excitation spectra shift from 350-360nm to 343nm, and the emission 
spectra shift from 428nmto 473nm from stage19 to stage 30. This shift 
is accompanied by a 10- to 15-fold increase in fluorescence intensity. 

Examining this shift closely, it is apparent that in the stage 9 
embryo the 430nm emission peak has two excitation maxima, 305nm and 
350-360nm. The excitation peak at near 300nm by itself causes fluores- 
cence at about 350nm, which may then induce a secondary fluorescence 
near 450nm. Therefore it is reasonable to assume that the 450nm emission 
peak has a single excitation maximum at 350nm. In the stage 23 embryo 
(four-day), the excitation maximum shifts to 345nm with a shoulder at 
295nm, the latter again due to the secondary fluorescence from the ultra- 
violet regions. The emission maximum is now at 452nm. In the stage 27 
(five-day) embryo the excitation remains stationary at 343nm, but the 
emission is shifted to 470nm and the intensity is increased 7-fold. In 
the stage 30 (six-day) embryo the emission maximum is shifted slightly to 
473nm, and, in comparison to the stage 27 embryo, the intensity is 
doubled. These results indicate that the spectral shift at 430-470nm 
region is completed by stage 27, and that the midpoint is apparently 
stage 23. 

From the observations described above and summarized in Table IV, 
it is apparent that two of the emission peaks (348nm and 520nm) are 
relatively unchanged from stage 16 to 30. However, the third region of 
emission demonstrates a pronounced spectral shift (430nm to 470nm) over 
the same portion of development, with a midpoint in the shift of approxi- 


mately stage 23. Such a shift could be due to the emergence of a new 
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fluorescent substance or to a change in the condition of the fluoro- 
phore. already present, such as coupling or. uncoupling with 
macromolecules. These possibilities, among others, will be the subject 
of further investigation later in this thesis. 

(ii) Fluorescence Spectra Characteristric to Eeewvorks eer rior to further 
analyses, it must be confirmed that the observed fluorescence is solely 
ascribable to the embryonic substance, not to contaminants from the 
yolk. In particular, the smaller specimen (stage 16 to 20) might have 
been contaminated by yolk substance, which is known to contain numerous 
fluorophores (for a review, see Romanoff, 1967). If so, the spectral 
shifts observed in the previous section may represent an artifact. To 
ensure that the observed spectral shifts represent events in embryos, 
samples of egg yolk from an unincubated egg, as well as from eggs 
incubated for three and six days, were examined, as described in Chapter 
2-3 (ii). 

The resulting spectra from each yolk sample were very similar. 
Therefore only one representative spectrum, that of the unincubated yolk 
sample, is presented (Fig. 14). There are four major regions of emission: 
(1) a peak excited at 290nm with an emission maxiumum at 348nm; (2) a 
peak excited at 325nm with a double emission maximum at 410nm and 432mm 
(3) a peak excited at 375nm giving rise to a broad emission maximum from 
430nm to 460nm; and finally (4) a small emission peak at 520nm with an 
excitation spectrumreminiscent of that peak in the stage 19 embryo. 

Comparing the yolk spectra (Fig. 14) with the embryonic spectra 
(Fig. 12 and Fig. 13), the embryonic patterns and spectral shifts are 
clearly not due to simple yolk contamination. The yolk contains the 
dominant UV peak at 350nm found in the embryonic pattern, suggesting that 


a similar substance is present in both the yolk and the embryonic material. 
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Fic. 14 (A-B). The fluorescence spectral pattern demonstrated by 
whole egg yolk. Whole egg yolk from unincubated eggs was homogen- 
ized in buffer"B,"pH 7.8, and the spectral patterns were recorded 
from the 12,900 x ¢ supernatant. The light lines (————) repre- 
sent the excitation spectra and the heavy lines (———=—) show the 
emission spectra . Fig.14A presents the pattem in the U V_ range 
of fluorescence emission: spectrum (1) is the excitation spectrum 
for the 348nm emission peak (2). Fig.14B presents the pattern in 
the visible range of fluorescence emission: (1) is the excitation 
spectrum for the 419-432nm emission peak (4); (2) is the excita- 
tion spectrum for the 440-460nm emission peak (5-6); (3) is the 


excitation spectrum which elicits the 520nm emission peak (7). 


fe 


AONS0SSAYON IA AAILV 14u 


400 500 600 


300 


200 


WAVELENGTH (nm) 


However, there are differences between the yolk and the embryonic pat- 
terns in the other two regions of emission found to dominate the embryo- 
nic spectra. The yolk contains several peaks in the 430-460nm region of 
emission, the range of emission in which the major spectral shift occurs 
in the embryonic pattern. However, the excitation and emission peaks 
found in this region of the yolk spectra do not coincide with those in 
the embryonic pattern, indicating that different substances are respons- 
ible. The third emission peak (525nm) found in the embryonic pattern is 
only a minor peak in the yolk spectrum. If the young embryo pattern is 
merely due to yolk contamination, this last peak should also be reduced 
in the embryonic pattern. Finally, the yolk spectral pattern is not 
altered, even after incubation for six days, while there are tremendous 
changes seen in the embryonic spectra over this time period, indicating 
that these fluorophores are embryospecific. 

(iii) Effect of Incubation Temperature on the Time of Appearance of the 
Fluorescent Components During Normal Embryonic Development: The spectral 
changes, observed as development proceeds, may be the result of specific 
metabolic processes. Minor differences in incubation temperature could 
possibly lead to major changes in these metabolic processes, thereby 
affecting the spectral pattern obtained or the time in development at 
which the spectral shift occurs. Therefore, it was necessary to examine 
the effects of differences in incubation temperature on the spectral 
pattern. The spectra were recorded, as described in section (i), from 
individual embryos of H-H. stage 16 to 30, grown at four incubation temp- 
eratures, as described in Chapter 3-2 (ii). The results of this study 
are presented in Table V, listing the relative fluorescence at each 
emission maximum, standardized by comparison to an acridine orange solu- 


tion, as described previously. 


7 pede ot wsnntwoh ox bans noi Shae te. anes “y Sata iis 
rs ~ 


Pe 


a aatyed mAUGA-OFd wns dbuealbag ‘Heendvat gerkuares Gi 


~~ 


gwicon S322 lorisaye selon old -daliw of. colecios qo # 


| | nae: 
oteso molsetou Ene aotysdtane edz ,Tavayer rr siby abner, ss 


A eens rente ehiensos Jon ob AtIbAN2 ATov So) Hohget. Shit. de 
“Buoqnes ©18 8. 1834cue Sneysitih Pm Guten babes ae 


el mzsicaq citovades ety ot NovoT Cact4) Jace nhtectae bebe at ‘esl ™ 
gk stxsd3ad ides gcierg BdY 31° us oee Soy and ie 1o=q Some a ate: 
banghat ad cols Bildede Maog daa.) URE: torn! funtdoo aw am wee eine 

inp’ ak wraetaagq Tastooqe? Pov otis, ¢q il ary nnisdat sieves Spat) 


- 
soobhenays 375 sists oftdw j,eyab zleg? -cbpiSadconl Jaaes eee bedetta — 


> 


ani2soron: snbvad smftd whili wv rsissan Sb erdas of) miirabhe angunto 
' 
° — 


2542 ov uit etc bse Ue reg ay iil veda a 
er) 3) Sane seo7t2"\ Us Sekt i Marty, ws. saat F atte ‘dual + EY een 


oF 


Rasags oft panel espe ammonia : 

iStoege 36 sinesy Sd odtysa pehess07Ty oo Tegal ever ey ~=y fenda -eegnetio 7 

bliss Siuieweqgss nalgadbth ad aodsysitkS sil” Aes e eee nktodutsa | 
viszan (,p BO S22 990T779 3 LOS) a segs of eeuyiali s sofan | beast vidtowog 


° > 


1 ‘3s Seren ‘eM ar aieks ota “té hanknied avetina: isiisa0- eis enaaedte 


sitawas Oo) videagben BAW SE pote istetT. .estogb, tile ls tenga Oee 


wt 


a 
botsasse sods. no sauiarsided catstedesel al eesicst9ad3ah TO —_s c a 


tor. (bh) porisse ni Oedtasesb af” abreast at nitogge est 9 


FE Pick 


~es o Vetuonk See} ae oeaapy 00 ov 3! agate sR-H 36 enya, 


¢ 
* 


Cine stis-I aaleess ait? fit) S<E Sa, cial 
* shot an sanaaas sau! 2 stigetions ody) yibenll N ogik’ ay | 


eg low giath auVAES as ME OS EET ORMOD LE pichbnieniade. , 


. ; a 


74 


OY 957 Ge 708 Oe6c OG°6 0° O74 9YT 
98°T 96°C ie eae OFLC G6°9 G2cor O¢cT 
$89°0 T68°O 9L°S Cale 09°47 0°69 96 
LGé=0 Le ee0 ype ete 0°6T COnG O61 OL G° BE 
iLeae (ae 67° OT aoc CO*6 OSLES 7YT 
88° Ooac ae CEG See O° 68T OZL 
77°0O OS O eee a LS 87 £ OsEC LEG, 0°¢S 96 
£ee.0 SO760 G6°G UZOL VES ore AUS OL GeLe 
/iopeg Lowe eg) OG OC ez OF LOL vaya 
9/°0 Si 0 96° Sd OS * + 0°S9 Oct 
tce 0 éc7 0 Ger 0°Oc DG Omee 96 
TEGO Sa 18) 76S 0 Om caL 78°T OsOiL 9L G*9€ 
Goal Let Go G°SC SO°L O°e9L 77T 
697 °O Se Os Mae — a 67 20) 9G°¢ OsGc 00° Oey, O¢cl 
¢9¢°O (aS (6) Ego Me 0°0¢ D9e6 Ore 96 
S9T°*O £77°O ¢99°0 O°9T OF7s 1 O° Tt OL Cece 
¢cGue OLywWe 09-O0S7W9 QO7-0F7 We OSE Wo 
-QlyX9 -vHExXe O09-O0SEX9 Q9-OSE x2 067% x2 o3eqsS SUL IST oa) Bul? 4° sinoy 6 *dwoy, 


:syeod Je aoueDSaIONTYy sATIALeTOY 


‘(Sov eTpouteUuT yeod pvoiqg) syAJUSTOARM TeAeAeS Ueds YOTYAM syeod 
@JLOTPUT SOUTT peqiOp oy, “AL OTqeL UL peqyTszosep se ‘SpsuTWwAsqep seny[eA VsdUZOSeATONTF oATIeTo1 
ey? pue ‘peutuexs ‘peaedeizd 010M sqZUeJEUTOdNS DTUOATqUI ‘*‘seaAnqeredwueq UuoTAeqnoutT JUSLTOF ITP 


InNoyJ }e UMOAIS SOAAqUiO WOLF poUTeJqO sonTRA DdUBVDSoATONT} VATILToOL Jo uostaedviod ouy ¢*A WAL 


ate 
ia - 7 = se 7 — ca . 


=. : . 7 7 7 7 - 
re Gali 2a2 sanerae tt nyisaot ta a 
j 


a . a = 
sentence Grew alacseoiaqis Sitar aon hi eee “nies 
7 7u as aU =~ 


; fb uf? (igs aaa 


foc heck) elveretoves fare 


IES 


Referring to Table V, the shift in emission peak from 430nm to 470nm 
occurs early, by 76 hours of incubation in the embryos grown at 38.5°C, 
1°C above the temperature defined as optimal for normal development. This 
shift is only beginning on the fifth day (120 hours) of incubation in the 
group grown at 35.5°C, 2°C below the optimal temperature. When the 
relative fluorescence is plotted against incubation time (Fig. 15), 
embryos grown at 38.5°C demonstrate earlier increases in fluorescence 
intensity. The intensity reached in this group by 144 hours is greater 
than in those embryos grown at 2°C below the optimal temperature. Both 
these observations suggest that developmental changes in the embryonic 
spectral patterns are accelerated at the higher incubation temperatures 
but not altered. Discounting the incubation temperature and plotting the 
relative fluorescence at each maximum (Fig. 16) and its logarithm (Fig. 
17) against the H-H. stage, there is a direct correlation between the 
fluorescence pattern and the stage. This correlation is unaffected by 
incubation temperature. 

Referring to Fig. 17, the intensity of the 350nm emission peak in- 
creases logarithmically over the entire period of development investiga- 
ted here, and the intensity of the 525nm emission peak increases 
logarithmically from stage 19. Since no large spectral shifts are 
observed in either of the above peaks, the fluorescence increases are 
probably due to an increase in the amount of these fluorophores per 
embryo. However, there is a very pronounced breakpoint in intensity at 
the time of the 430nm to 470nm transition, between stages 22 and 25. 

The intensity of the 470nm emission peak increases logarithmically after 
stage 25. The significance of such a breakpoint accompanying the 
spectral shift at this point in development will be examined later in 


this thesis. 
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Fie. 15 (A-C). Effect of incubation temperature on the rate of 
relative fluorescence increase at each of the three major emission 
peaks characteristic of early embryo whole homogenates. Embryonic 
homogenates were prepared, examined, and the relative fluorescence 
values determined, as described in the text (Chapter 2-3(vi) )- 
Representative embryos were selected from the groups obtained in 
the temperature experiments described in Chapter 3: one for each day 
of incubation (three to six days)from each of four incubation temp- 
eratures:) (=A) 35.5°C> Gee) 6 136-0001 (On unOino OC mand 
(CAs YY Se Se 

(A) represents the relative fluorescence values at the 525nm 
emission peak (excited at 470nm); 

(B) represents these values at the 430-470nm emission peak @xcited 
at 350nm); 

(C) represents these values at the 350nm emission peak (excited 


at 294nm), all plotted against incubation time in hours. 
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Fig. 16 (A-C). Effect of incubation temperature on the) relation— 
ship between the stage of embryonic development and relative fluor- 
escence at each emission peak characteristically found in embryonic 
homogenates. The values of relative fluorescence at each 

emission peak, given in Fig. 15,are plotted against stage of devel- 
opment of each individual embryo, as determined by the staging system 
outlined in Chapter 3. Each incubation temperature is identified 
as in the legend in Fig. 15. 

(A) represents the relative fluorescence values at the 525nm 
emission peak (excited at 470nm); 

(B) represents those values at the 400-470nm emission peak 
(excited at 350nm); 

(C) represents those values at the 350nm emission peak (excited 

at 294nm), all plotted against the H-H. stage of development. 

The arrows in (B) indicate approximately where the transiticn 

in emission peak occurs: (1) 430nm to 450nm; (2) 450nm to 


470nm. 
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Fig. 17 (A-C). Semi-logarithmic repeat of Fig. 16. The relative 
fluorescence values of each emission peak were plotted semi-logarithmic- 
ally against the stage of embryonic development. The legend and the 
description of (A-C) are the same as Fig. 16, except that the log 


values of relative fluorescence are plotted against stage of development. 


LOG RELATIVE FLUORESCENCE 


H.andH. STAGE 


83 


tn Nam i eNOS A 


ee 


; 
R 
' 4 
Oe 


a” 


7 
jw 
- a 
/ 


Y 
_ 


wl Nice f 


. s: 
a 


i" 


‘ 
be P ontening 
e) / 
ns » r-~hoger th a] 
iF : 
a - - Ma - ad acd > hs 


on @ s 
* Le -— § 
= a) 
oy 
\ > 5 
M 
- 


y 
Wa Oe ae 


n Patt J 


84 


= 
Cc 
O 
N 
t+ 

i] 
O 
mM 
t+ 


B 


CmOROmEO Co} D x 
oO tM a a Oo @) 


JONAISAYON 14 AAILVIAY 907 


H.andH. STAGE 


LOG RELATIVE FLUORESCENCE 


H.andH. STAGE 


85 


86 


In conclusion, the time of appearance and amount of each type of 
fluorescent substance is highly correlated with stage of development, 
and this relationship is unaffected by incubation conditions (i.e., 
temperature). Therefore, we are able to determine the precise time in 
development when specific changes occur at the molecular level. 

4-3. Discussion and Summary: 

As a means of analysis of complex tissues in aqueous extracts, 
fluorospectrophotometry is meaningful only if certain substances are 
present which dominate the fluorescence pattern (Deamer, 1974). Pre- 
liminary observation by Kato and Lauber (personal communication) and 
by Igarashi (personal communication) have revealed that there are 
dominant emission peaks in the spectra of chick embryos during the first 
week of development. Specific shifts in emission occur as development 
proceeds. In this chapter, in order to define the spectral character- 
istics seen at each stage and to determine when in development the 
spectral shifts occur, the fluorescence spectra were recorded from 
individual embryos of H-H. stage 16 to 30. By comparing the relative 
fluorescence of each emission peak to an acridine orange standard 
solution, it was possible to semi-quantitate the fluorescence intensity 
of each emission peak. Two of the three major emission peaks found to 
dominate the spectra merely increase in intensity as development proceeds. 
However, the third emission peak undergoes a spectral shift from 430nm 
to 470nm. 

Because many fluorescent substances are present in the yolk(i.e., vit- 
oni Aj> By» Be) (for a review of egg yolk composition, see Romanoff, 
1967), it was necessary to establish that the responsible fluorophores 
were truly embryonic components and not artifact. The fluorescence 


spectra of several yolk samples were examined and the patterns obtained 
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were compared to the embryonic spectra. 

The yolk and the embryos were both homogenized in buffer "B", 
maintaining a constant environment. Therefore, if the same components 
were present in both, the spectral peaks should coincide. In the UV 
region,similar peaks were seen in the yolk and the embryonic patterns. 
However, the excitation and emission peaks found in the yolk spectrum 
did not coincide with the embryonic peaks in the region of emission 
which shifts as development proceeds. This suggests either that different 
compounds are present in the yolk and the embryo, or that the same fluoro- 
phores are present in both, but that the molecular environment is dif- 
ferent in the yolk and the embryo, thereby altering the fluorescence 
characteristics. The third emission peak found in the embryonic pattern 
is a minor component in the yolk, and simple yolk contamination would not 
result in such a pronounced 525nm emission peak in the embryonic pattern. 
Finally, the yolk spectrum remains unchanged after six days of incubation, 
indicating that the spectral shifts seen in the embryonic pattern are 
due to the change in embryo-specific fluorophores. 

Having established that the embryonic fluorescence is not a yolk conta- 
mination, we proceeded to pinpoint the stage in development when specific 
changes occur in the spectral pattern. Because many cofactors, metabolic 
products, and by-products have the ability to fluoresce (Seltzer, 1967; 
Kahan, 1967; Clark, 1975; Pennock, 1962), it is possible that 
the changes in the spectral pattern of the embryo are due to 


specific metabolic changes. Many of these metabolic changes (e.g., 


enzymatic reactions) found in the early stages of development may be 
quite sensitive to temperature differences. Slight variation from the 
optimal incubation temperature may induce changes in these processes. 


It was therefore necessary to determine the effect, if any, of 
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differences in incubation temperature on the spectra obtained at 
various stages of development. 

The spectral patterns associated with each stage of development, as 
assessed by the staging system discussed in Chapter 3, remain the same 
regardless of jnoubation temperature. Thus, the correlation between 
the stage of development and the spectral pattern is unaffected by 
minor differences in incubation conditions. This correlation allows 
precise determination of the time in development when specific changes 
occur in the fluorescence spectra. 

The increase in fluorescence intensity, at the 350nm and 525nm 
emission peaks, follows closely the body weight curve seen in Chapter 3 
(Fig. 5), suggesting that these substances merely increase in amount as 
development proceeds. However, the other region of emission is more 
complex. Accompanied by a noticeable breakpoint in intensity after stage 
22, there is a shift from a 430nm emission peak at stage 22 to a 452nm 
peak at stage 23 to 24, and a final shift to a 470nm emission peak by 
stage 25. These results suggest that a specific change occurs at this 
point in development. 

This shift could be the result of a differential uptake of yolk sub- 
stance(s), beginning at this stage. The yolk contains a variety of 
fluorescence components and, as seen in this chapter, displays a complex 
fluorescence pattern in which individual spectral peaks are difficult to 
distinguish. However, if there is a selective incorporation into the 
embryo of certain fluorophores from the yolk, the true excitation and 
emission maxima of these fluorophores may then be identified. 

The initiation of a certain cellular process or the beginning of 
synthesis of a specific cellular component may lead to a shift in the 


spectral pattern. The products and/or by-products formed by an embryo- 
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specific synthesis, for example, may demonstrate different fluorescence 
characteristics than does the parent compound(s). 

Finally, certain fluorescent molecules, either taken up from the 
yolk or produced in the embryo itself, may be incorporated into cellu- 
lar matrices or cellular organelles as development proceeds. Upon 
incorporation, the configuration of these molecules may be altered, 
leading to spectral shifts. The configurational changes could create 
fluorescence from originally non-fluorescent components. 

In conclusion, by examining the fluorescence pattern obtained from 
the post-nuclear supernatants of individual embryos from H-H. stage 16 
to 30, we have been able to detect a specific developmental change at the 
molecular level in the form of a spectral shift occurring between stage 
22 and 25. Several explanations have been presented for the fluorescence 
behavior observed. Such a shift could be the result of a differential 
uptake of specific yolk components; or the result of the formation of 
fluorescent products or by-products by an embryo-specific synthesis; or 
possibly the result of incorporation of certain fluorophores into cellu- 
lar organelles or matrices, thereby altering the electronic environment 
of the fluorophores and causing a change in the spectral pattern exhibited. 
In order to determine the cause of this spectral shift and to examine 
its biological significance, attempts will be made in Chapter 5 to 


isolate and identify the molecules involved. 
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CHAPTER 5 
SUB-CELLULAR LOCALIZATION AND CHARACTERIZATION OF THE FLUOROPHORES IN 
EMBRYONIC HOMOGENATES 
5-1. Ineroduction : 

In the preceding two chapters, we established the fluorescence 
patterns obtained from homogenates of individual embryos of H-H. stages 
16 to 30. This enabled us to detect specific changes in the pattern and 
pinpoint exactly when in development these changes occur. The most pro- 
munced change was a red-shift in one of the emission peaks (430nm to 470 
nm) between H-H. stage 22 and 25. Two approaches may now be taken in 
order to examine the biological significance of such a spectral shift 
during this portion of development. 

First, by utilizing histological techniques combined with fluor- 
escence microscopy, it may be possible to determine the location within 
the embryo of the fluorophores responsible for this spectral change. This 
approach would provide a clue as to what morphological or anatomical 
changes these fluorophores are involved with. In our study, however, such 
an approach was not feasible due to technical limitations. As seen in 
Chapter 4, the intensity of fluorescence exhibited by the homogenate of 
individual embryos is so low that the spectra must be recorded at sensit- 
ivity levels where the Raman spectrum of water is an interfering factor. 
At such a low level of intensity the fluorescence from a sectioned 
embryo would not be detectable by a fluorescence microscope. 

Because of the limitations imposed by a histological approach, a 
second approach was adopted in our study, and the final phase of this 
thesis involves the sub-cellular localization and subsequent character- 
ization of the fluorophores in embryonic homogenate. Determination of 


sub-cellular location could provide information as to the type of 
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sub-cellular components these fluorophores are associated with, and 
possibly information as to the cause of the spectral shift. Fractiona- 
tion of the embryonic homogenates may separate non-fluorescent embryonic 
materials from the fluorescent materials, thus providing the initial 

step in purification of the fluorophores. Once the fluorophores 
responsible for the spectral shift are isolated and identified, it may be 
possible to examine the role these substances play in morphological and/ 
or physiological changes known to occur during this period of development. 

In order to determine the sub-cellular location of the embryonic 
fluorophores, a fractionation procedure was devised, based on the method 
utilized by Igarashi (personal communication). A homogenate of three-day 
(H-H. stage 16 to 20) embryos was prepared to examine the location of the 
430nm emission substance, and a homogenate of six-day (H-H. stage 28-30) 
embryos was prepared to examine the location of the 470nm emission sub- 
stance. Upon fractionation of these homogenates, the majority of fluor- 
escence at both 430-440nm and 470nm was recovered in the soluble-protein 
fraction, indicating that the fluorophores are either freely soluble or 
bound to a soluble molecule. 

In hope of isolating the 470nm emission substance, the soluble- 
protein fraction from a six-day embryo was subjected to a series of 
chromatographies. These attempts were unsuccessful, however, due to the 
instability of the 470nm emission peak. Under the conditions employed in 
the chromatography, the 470nm emission peak shifts to a stable peak at 
440nm, producing a pattern which mimics the characteristics of the three- 
day embryo. This suggests that a single fluorophore is involved. Because 
of the stability of the 440nm emission peak, we chose to focus our study 
on this component in hope of finding clues to the identity of the compon- 


ents involved and, possibly, clues to the cause of the spectral shift. 
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In pursuing the identity of the 440nm emission substance, methods 
were employed to separate the embryonic substances in terms of differ- 
ential solubility. Three forms of the 440nm emission substance were 
found: (1) an acid-soluble, chloroform-insoluble form; (2) an acid- 
insoluble, chloroform-soluble form; and (3) an acid-insoluble, chloro- 
form-insoluble form. These results suggest that this fluorophore is 
bound to several types of carrier molecules. In order to clarify the 
type(s) of carriers involved as well as to purify the fluorophore, por- 
tions of each fraction described above were subjected to enzymatic 
digestion. These digestions were followed by a re-examination of the 
solubility. The results suggest that there are protein, lipoprotein, 
and possibly glycolipoprotein molecules associated with the 440nm emis-— 
sion fluorophore. This fluorophore apparently derives its stability from 
association with these molecules. Upon release from this complex, the 
fluorophore becomes unstable; the 440nm emission peak disappears and 
several new emission peaks are seen. Therefore we were not able to purify 
this component for identification of the chromophore. This must be the 
object of further study. However, the fact that the fluorophore(s) 
involved in the spectral shift is apparently bound to several types of 
carrier molecules is of interest, and the significance of this observa- 
tion will be the main topic of the discussion in this chapter. 

During this study, the identification of the two other fluoro- 
phores (responsible for the emission peaks at 350nm and 525nm) was carried 
out concurrently. The fluorophore excited at 290-295nm, with an emission 
peak at 350nm, is attributable to tryptophane residues in the soluble 
proteins. The region of fluorescence excited by a double peak of 382nm 
and 470nm, and displaying an emission peak at 525nm, is attributable to 


riboflavin or its derivatives. 
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5-2. Results: 

CL) Fractionation of Sub-Cellular Components in Homogenates of Whole 
Embryos: Before the sub-cellular location of the embryonic fluorophores 
could be determined, it was necessary to fractionate the homogenates. The 
centrifugation procedure designed for this purpose is outlined in Fig. 18. 
Each sample of embryonic tissue to be fractionated was first homogenized 
in 16 ml of buffer 'B' and then subjected to the following procedure: 

(a) Differential centrifugation: The homogenate was spun at 12,000 x g 
in the Beckman J-21 centrifuge for 10 minutes at 4°C, removing the unbrok- 
en cell fragments and the nuclei. The resulting pellet was re-homogenized 
in 3 ml of "B" and spun again. The second pellet was re-suspended in 3 

ml of buffer "B" and placed on ice. The post-nuclear supernatants were 
combined and brought to a final volume of 12 ml with buffer "B". This 
solution was then spun at 25,000 x g in the J-21 for 20 minutes at 4°C 

to remove the mitochondria and any remaining cellular debris. The pellet 
was suspended in 2 ml of buffer '"B" and placed on ice. The post-mito- 
chondrial supernatant was then subjected to further separation as 
described in (b) below and Fig. 18. 

(b) Discontinuous sucrose gradient ultracentrifugation: Buffered sucrose 
solution (pH 7.8) was added to the post-mitochondrial supernatant, bring- 
ing it to a final concentration of 0.2 M sucrose and volume of 13 ml. This 
supernatant was divided into two equal portions (6.5 ml) and placed in 12 
ml cellulose centrifugation tubes. Each sample was underlaid with 1.5 ml 
of 2.0 M sucrose in buffer "B" and 1.5 ml of 1.0 M buffered sucrose, and 
then was overlaid with 2.5 ml of buffer '"B'", pH 7.8. The gradients were 
spun at 4°C for 90 minutes at 150,000 x g in a Spinco L3-50 preparative 
ultracentrifuge. Four fractions were collected by puncturing the bottom 


of the cellulose tube and were placed on ice in the dark until measurement 
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Fig. 18. Fractionation method utilized in separation of the sub- 
cellular components in whole embryo homogenates. The details of 

this procedure are given in section (iv). Aliquots of each fraction 
obtained by the above procedure were taken, and the total volume was 
recorded accurately for later determination of the total relative 
fluorescence in each portion. All of the above procedures were 
performed in dim light, and the samples were kept in the dark at 


4°C until analyses. 
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of the fluorescence. The fractions and their contents are as follows: 

(1) the top buffer layer + the 0.0 M - 0.2 M interface = the lipid 
layer; (2) the 0.2 M layer = the soluble-protein layer containing the 
cytoplasmic fluid and the soluble serum components; (3) the 0.2 M - 

1.0 M interface = microsomal fraction; and (4) the 1.0 M interface 
material = the polysomal fraction. 

(ii) Sub-cellular Location of Fluorescent Substances: Two samples of 
embryonic material were used: a 0.5 gm sample of pooled three-day (H-H. 
stage 16-29), containing the 430nm emission substance, and a 1.7 gm 
sample of pooled six-day (H-H. stage 28 to 30) embryos, containing the 
470nm emission substance. These were homogenized and fractionated by the 
procedure outlined in section (i). The fluorescence spectra were record- 
ed from each of the resulting fractions. The major excitation and emis- 
sion peaks seen are: an excitation peak at 295nm yielding a major emis-— 
sion peak at 350nm; an excitation of 350-360nm yielding a 430-440nm emis- 
sion in the three-day embryo sample; an excitation of 350-360nm yielding 
a 465-470nm emission in the six-day embryo sample; and an emission peak 
at 525nm with an excitation pattern dependent upon the age of the embryos 
fractionated. These peaks are identical to those in the spectra of indiv- 
idual embryos, indicating that the fractionation methods do not affect the 
molecular environment of the fluorophores with respect to their apo- 
structure. 

The intensity of fluorescence at each emission maximum in each 
fraction obtained by differential centrifugation (section (i)-a) is 
presented in Fig. 19 (A and B). When the fluorescence exhibited by the 
post-mitochondrial supernatant is compared with the fluorescence exhibited 
by the nuclear and mitochondrial pellets, it is evident that most of the 


fluorescent material is in the post-mitochondrial supernatant. Igarashi 
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Fig. 19 (A). The total relative fluorescence in each fraction 
obtained by separating homogenates of three-day embryos by differential 
centrifugation. Twenty-six embryos (500mg total wet weight) of 
H-H. stages 16 to 20 (approximately three-days) were pooled and homogenized 
in buffer "B.'' This homogenate was fractionated as described in 
5-2(i). Fraction 1 contains the nuclei and unbroken cells; Fraction 2 
is the post-nuclear fraction; Fraction 3 is the post-mitochondrial 
Supernatant; Fraction 4 represents the mitochondrial fraction. The 
total relative fluorescence at each emission peak was determined by 
multiplying the relative fluorescence obtained from a 1 ml aliquot by 
the total volume of each fraction. The fluorescence emission peaks 
are: emission 350nm (excited at 295nm) | | ; emission 440 (excited 
at 350nm) y ; and emission 535nm (excited at 470nm) : 

4 Is 
Fig. 19 (B). The total relative fluorescence in each fraction 
obtained by separating pier end tpi of whole six-day embryos by 
differential centrifugation. Four embryos (1,700 mg total body 
wet weight) of H-H. stages 28 to 30 (approximately six-days) were 
pooled and homogenized in buffer '"B.'' This homogenate was fraction- 
ated as described in 5-2(i). The total relative fluorescence was 
determined as above, and the legend remains the same as in Fig. 19 (A), 


except that an extra emission peak of 470nm (excited at 350nm) was 


added Ry : 
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(personal communication), utilizing a buffer solution containing 0.25 M 
sucrose and PMSF, designed to prevent nuclear and mitochondrial leakage, 
had also observed that the nuclear and mitochondrial pellets contain 
only minor amounts of fluorescence. Therefore it may be assumed that 
the minor amounts of fluorescent material in these fractions are 
probably due to contamination from the post-mitochondrial supernatant. 
The quantity of fluorescence at 350nm in the nuclear pellet of the six- 
day embryo is possibly due to the fact that the older embryos contain 
large amounts of structural protein, not readily solubilized by our- 
extraction procedure and hence appearing with the nuclear pellet. 

The intensity of fluorescence at each emission maximum in each 
fraction of the discontinuous sucrose gradient (section (i)-b) is pre- 
sented in Fig. 20 (A and B). The majority of fluorescence at each emis- 
sion peak is found in the soluble-protein fraction in both the three-day 


and six-day samples, with the exception of a rather large amount of 


fluorescence at 350nm in the microsomal layer of the six-day embryo. The 


lipid and microsomal layers of both three-day and six-day embryos contain 


minor amounts of fluorescence at 440nm and 525nm. This fluorescence may, 
however, be due to contamination of the soluble-protein layer, and this 
question will be examined in more detail later in this chapter. The 
polysomal layer also exhibits some fluorescence. There is some question 
as to the origin of this fluorescence, and this must be re-examined in 
another study. 

The main finding in this fractionation experiment is that the 
fluorophores responsible for the major emission peaks, and for the shift 


in the spectral pattern, are localized in the soluble-protein (cytosol) 


fraction. These fluorophores may be freely soluble in aqueous fluid them- 


selves, or they may be solubilized by binding to a "carrier" molecule 
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Fig. 20A. The total relative fluorescence in each fraction 

obtained by separating three-day embryo post-mitochondrial super- 
natant on a discontinuous sucrose gradient. The post-mitochondrial 
fraction of the three-day homogenate oktained by differential 
centrifugation was fractionated further, as described in 5-2 (i). 
The tounslayers obtained arecs (Ll) -aslinpids layers @ meamsolupte. 
protein layer: (3) an endoplasmic reticulum heavy layer; and 

(4) a polysomal layer. The total relative fluorescence is deter- 


mined as in Fig. 19, and the legend is unchanged from Fig. 19A._ 


Fig. 20B. The total relative fluorescence in each fraction 
obtained by separating the post-mitochondrial supernatant from 
six-day embryos on a discontinuous sucrose gradient. The post- 
mitochondrial fraction from six-day embryos obtained by differ- 
ential centrifugation was fractionated further as described in 


5-2 (i). The four layers obtained are as above, and the legend 


followsetiatyon ehiecmLloB. 


VA 
ISS 
= 


INS SSS 
aaa 


VOM 
ISSUE MEA 


IS 
= 6 j= 


: 


O O oO ‘@) 
oO w oO ww 
+ a — 


JONSOSSAYONIS SAILV 14Sy 


SUCROSE LAYER 


> 
' 
w 
eu 
> 
i] 
‘ 


oe é 7 
— -~ 
% ~ 3 
1 ‘e) 
a ee 
® \ 
j ~ , 
: é 4 , y , | 
; 4 7 a “ “ : 
if * 
° ~ + 
) 7 é 
~s * * — 
' a a — . oe! * mb ’ of 
P 3 _ ’ - _ --ey—-— pow , ror —— — ge 
7 "- 1 J f P P j J + 
v ee ee ar oe twte | $2 fe Bic ba Fee : 
i - — — — —— - ee ——— 
J \ 
ay _ —— — — 7 ——— 
: +3 be 
Pe cnt. 
-~—-y~ 
LL ,e* eG { ‘ > 
a 4 
: = , e- 8 
oer 
it : 
af 
— 
» " 
‘: li b = 
a _ 
4 j 5 } 
a rr Ae. Pee " ee i 1 ~ A o—— 
— @ < o 
ha .' re 
i - —_ | 
— 
© ' # ~ ¢* nee 4 5 me ‘4 ) ™ om _— 
an od 7 | J es an | 
> | Ga ¥ — a mS NOBES 
< i -» ie 
7 e. a= - 
mi - a 
’ 
i’ e Paar 
7 ST 7 Je 7 
Te 7 Ul 


‘ 


4, 
ESSN 


erated 

VILL: 

ISSN 

PERSE ee eee. 

LIEZLALTLEELE OTT 

RXXKKKKKKKKKKKKK KKK 

Z 

Se 

= Cx 

omne) oO O 5 
Ww WwW ‘o) Ye 

Oh em = 


SJONSAOSAYON 145 AAILV 144 


SUCROSE LAYER 


104 


which is soluble. However, it should be cautioned here that the methods 
employed do not allow the separation of "free serum substances" from 
"soluble cellular components". Differentiation between these two loca-— 
tions must await further examination. 
EEbs) Instability of the 470nm Emission Component: Having established 
the sub-cellular location of the embryonic fluorophores, we attempted to 
isolate and characterize those fluorophores involved in the spectral 
shift, from 430nm to 470nm seen between H-H. stages 22 and 25 (Chapter 4). 
We first attempted to purify the substances responsible for the 470nm 
emission peak, utilizing chromatography. Portions of the soluble-protein 
fraction of a homogenate of six-day embryos, prepared as described in 
section (ii), were subjected to separation by chromatographic procedures 
outlined in Chapter 2-3 (xiii). These attempts were unsuccessful, however, 
because no fluorescence at 470nm was found in the effluent. The compon- 
ent was either bound so tightly to the columns that it could not be re- 
moved or its spectral characteristics were altered by these procedures. 
In an attempt to determine the cause of the loss of fluorescence at 
470nm, we examined the stability of this emission peak. Material contain- 
ing the 470nm emission component was exposed to a variety of conditions 
(described in Chapter 2-3 (x)) which, among other effects, cause the 
denaturation of soluble proteins. The 470nm emission peak was found to 
shift to a stable peak at 440nm (Fig. 21), confirming an earlier observa- 
tion by Igarashi (personal communication). These results suggest that 
possibly the 470nm emission peak is due to a fluorophore bound to a 
carrier molecule. By removal of the carrier by chromatography or upon 
denaturation of the carrier, the fluorophore would be exposed to the 
surrounding environment, resulting in a change in the spectral character- 


istics. Such behavior is not uncommon to fluorescent substances, many of 
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Fig _ 21. The spectral shift in the 470nm emission peak of a six- 
day embryo homogenate upon storage at -290°C for one year. 

The solid line (———) _ represents the original excitation 

peak (1) which elicits an emission at 470nm (4). The broken 

thin line (--~--) represents the final (stable) excitation 
spectrum (2) and its emission at 440nm (3). Upon prolonged 
Storace at low temperature of either the intact six-day embryo 

or the 12,0900 x g supermatant (post-nuclear fraction), the 

above shifts are seen in the excitation and emission maxima. 

The scale used was expressed as arbitrary fluorescence units, as 


we were observing only qualitative changes. 
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which exhibit totally different spectral patterns in bound and free form 
(e.g., vitamin A in bound and unbound form, Peterson, 1971). Also the 
fact that the 470nm emission peak shifts to a 440nm emission peak, 
mimicking the peak characteristic of a three-day embryo, suggests that 
the spectral shift seanas development proceeds is due to a change in 
binding of a single type of fluorophore. 
(iv) Isolation gnq Characterization of the Solubility of the 440nm 
Emission Compound: In the previous section, our efforts to purify the 
470nm emission component were not successful due to the unstable nature 
of the fluorescence peak, which was found to shift to 440nm under a 
variety of conditions. However, the 440nm emission produced is quite 
stable, permitting continued attempts at characterization and 
identification of the fluorophore which is responsible. In order to 
obtain sufficient material for this investigation,a post-mitochondrial 
supernatant of six-day embryos, which demonstrated a large peak at 440nm 
due to the shift from 470nm, was fractionated as described in section 
(i). The soluble-protein fraction obtained was then subjected to a 
series of treatments, outlined in Fig. 22 and Fig. 23, designed to 
separate the components based on solubility. 

The acid-soluble and acid-insoluble substances were separated by 
a TCA precipitation, described in Chapter 2-3 (xvii). The proportions 
of relative fluorescence at 440nm in the acid-soluble form, compared 
to that in the acid-insoluble form, varied from between 1:1 to 1:2, 
depending on the length of time allowed for the precipitate to settle. 
Three possible explanations for the differential solubility demonstrated 
by this component are: (1) the fluorophore is acid soluble, a 
portion of which is bound to an acid-insoluble component (such as 


acidic protein); (2) the fluorophore is an acid-insoluble substance, a 


107 


a sae Ae 
hd: ye ‘a ie er | 
i 


Qc? Gist bee etead mt. w 
T oe ia 
‘eal ont Ren rons Oat rr) inmiméne eve ced a 
wet sntrubis mado pag es tive jeog jlereehon a 
gals exebagne ,orsdne hosts eto 2 jxsssauueeaine ae 
ak gamel> 5 of sub oh, 2b4e5029 ind oqo.et Me. Saks? Febda tersa0ae - 
aapndie > to oie SEARS a . 
PR eer ee eee 


4 
4 ~~ 
camo a = ee 


ae 


etx Vituiq oF ét4eFis the yadizose svotvenr ee ~ - heenggod woken tet = D 


Jidicronw aft 61 gb. Luienoadee tea ose Aappiaee mot wie Sims rath 
B Wer MAO) OF ttle OF BAUeT Baw Pry f{e%q oondorsienl? edd 
 ftro‘2k hebubdto. adlfsstace so pl S05 ,Tevewull ‘engi ithees ts oshthy _ 
B fre. 9 saceredd a5 27lesats beunliao> galvaterag steagsa 


lakth gar gene iol Y. gta 6 satuankatsaghe, Pi. 


ot vedio ai elt diugase at 
farts Ho0 i 45 ; Bog / . Wigan sevi ein 74 tiareees Tussi sti ives ates 
eri ia ie foag a art fi E29 ‘7 pew Cast + f : ae ijms yey xP i tnathrisqyes | 


ipl noe’ of, bs LLoeeeb | 2b farts o. oeETY +e mp A a 71 gt ice wy 62 ou 
6 Of betas/aue end aawinsace va Spit “pl agopg-e falcon nat a) 


24 bsretesrs DOL >I Rha OS. CAP? cP noebigne esenmdest= To ashze 
os ©) 
(4iticdulsua po heead efmseccee> ada state 


¥d bs2sxbyon Stew Soonetedls |S ldoloeai~btoe bre eiteles-bisa oAT | - 


siulsoorie st . Crevxeyok-< resvey. pb bedtsbesh’, eofaptieqisweiy Sane 
bsisqmoa. mao? eidulopebias, bila ab mitle® OS anio+ee sual? 


. 2 
Sel ool: T nsowisd nnsyy boty ems2 os ahincnlliaadadl oat at ant - 
-o 


13 %su_ oi stethqtserg ott 26% bawallia ake to tages ad= a0, gx 
in 
petordenotiel YalLivulox (iProedd sikh oily 103 ht'skas taps 


i ,sidyise £26 si awidda: Sula ait ty eh 


_ 


; 


em dT) 4550 Rae? e ie Ties eo Po teak hc 
z qtanesadue Sidiekosi cia, welet @ y t pe 


a) nm, ea: . ty 
7 Lo by, OT aane 


‘ > 


iinal wolearey 


i : 
+ sfun 92. « © 19 alee (I-11) 
i - — , 


- > 4 _ ar heres ' ts a.’ 

" vi a © 

oe Lee . uv ia Lit ol na 

me  ewebvet: J a ks 4 rw eer uf * ad ver 


Tv<eoeegs ; net. 


sb gult- tate Geet ad tides reechianed daiVer. 
i reget raciae 7. © 4 2e-patureied 
4 = A ~~ - — 
oi tore - 
7 woctak: ot 2,598 « @ 10 wieutes (3-21) 
; tucée lLavecs : 
re) 7 7 7 
: j ———— - rc 
wus - La? at 7 , - isvar | Ce Leas a L« ory 


we ess easy ne! sali oe: ies: peau. ila assoaet mre. £ .i? 

; ; arte ctovared. ° a) : 

rod Ste Peas: ene aot gm ourmng me she ruthag ‘oft, te) e ‘thelsdtosrat’s 
Y, © 2.ae-~—di spare! sizkec~chpeetrypetn 

att _ asiaes vucd slnovi des. ¢th=rie ote tc hip iA s-ubttenst “oe, Gy 


ae extraccagn (Aton Fimteerance spvered | “con ist > 
7 rmijgsert ult! ote | on’ nm Losanw 7y va ote siétes 86 aL iad et _ 
- <ereoinirat ai ectrahcsns @1%h eataemheticret og $2 _ 
foeelard gan MATS. Ju asgroeennel? ait Ya wstrotar a? geiaternow — : 
a tere . 5 wT ay * Aci 4 ef sah - ae = ; _ 
pirne aeyero, 494 i + ¥acae 
ae eee —— ae et = —w , _) = 
Nikde izver | enaterad Laver Foieweiete lasers, - 
se af “Elusteo cence =f. 7 a we timg@ereera dt 7 


Ate rere = fed a =: : yi dre Geo etieww ied re 
poiices “ith ipee at, SG for 6 aoure — 


7 
Pe ext eacston (met @F 44% qm fia joouce pteorenat - 
7 ia the erecieizut«) 


. = : ; : bs 
eh y cic sta aero ce oalyrerat c*toretere -— 
: a =e | F 


4290 * ~ io nina (J- “945 


: r 1a 


Tie. 22. Flom cnart outlinine the experimental procecure utiivzeg=an 
characterization of the 44Qnm emission component from the soluble portion 
(0.2 M fraction of a D.S.G.) of the six-day embrvonic homocenate. The 
details of each step are presented in the text. The fractions 

containing the majoritv of the fluorescence at 44)nm are inclosed in 


boxes. 


Soluble Fraction (0.2 M Fraction 
Sai ae) 


TCA (54° tinal volume) 


spun 32,090 x ¢g 10 minutes (J-21) 


Precipitate 


Supernatant 


1/2 to 3/4 of total fluorescence at 


1/Lason/aot stotar 
449nm recovered here 


fluorescence at 440nm 
recovered here 


sample snlit into four portions (continued in Fie. 23) 


1.-----extracted with water-saturated 
chloroform 


—-vortex, spun 2,900 x ¢ 10 minutes (J-21) 
three layers 


Buffer layer | Denatured layer | Chloroform layer 


all of fluorescence 
at 440nm recovered here 


; : ; ; fo) 
2.----- digested withe¢-chymotrypsin at 37 C for 16 hours 
-TCA extraction (440nm fluorescence recovered in the precinitate) 
-precipitate extracted with water-saturated chloroform 
-vortex, spun 2,000 x g 10 minutes (J-21) 
three layers 
Buffer layer | Denatured layer [ Chloroform laver | 
1/4 of fluorescence at 3/4 of fluorescence at 
440nm recovered here 449nm recovered here 
: : fe) 
5. digested with lipase at 37 C for 16 hours 


-~TCA extraction (most of 449nm fluorescence recovered 
in the precipitate) 


-precipitate extracted with water-saturated chloroform 


—vortex, spun 2,900 x ¢ 19 minutes (J-21) 
three layers 


Buffer layer Denatured Layer | Chloroform layer 


3/4 of fluorescence at 
440nm recovered here 
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4.----- digested with hyaluronidase 37°C for 16 hours 


-TCA extraction (most of 440nm fluorescence recovered in the 
precipitate) 


-precipitate extracted with water-saturated chloroform 
-vortex, spun 2,000 x g 10 minutes (J-21) 

three layers | 
Denatured layer Chloroform layer 


3/4 of fluorescence at 
440nm recovered here 
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Fig. 23... Flow chart outlining the experimental procedures and 
behavior of the 440nm emission component found in the TCA-soluble 
fraction obtained in the procedure outlined in Hig. 22. 


The details of each step are presented in the text. 


The first TCA soluble fraction in the procedure outlined in Fig. 22 


was split into four fractions and subjected to 


extraction with water-saturated chloroform--majority 


of fluorescence at 440nm remains in the aqueous supernatant. 


pH was adjusted to pH 12.0 spun 25,000 x g (J-21) 10 min.-- 
majority of fluorescence at 440nm remains in the alkaline 


soluble form. 


digestion with hyaluronidase at 37°C for 16 hours-- 
chloroform extracted--majority of fluorescence at 440nm 


remains in the aqueous supernatant. 
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portion of which is bound to an acid-soluble component (such as a basic 
protein); or (3) the fluorophore is bound to both acid-soluble and 
acid-insoluble components, thusis not in a free form at all. To explore 
these possibilities several experimental approaches were undertaken. 

First, the solubility characteristic of the 440nm emission sub- 
stance present in the acid-soluble form (in the TCA supernatant) were 
examined. A 3 ml portion of the TCA supernatant, adjusted to pH 7.8, 
was extracted with water-saturated chloroform according to the procedure 
described in Chapter 2-3 (xv). The majority of the 440nm emission 
fluorescence remained in the aqueous phase (Fig. 23 #1), indicating the 
component is not a lipid-soluble form. The aqueous layer was then 
adjusted to pH 12.0 by titration with 0.1 N NaOH, and this solution was 
spun at 4°C for 10 minutes at 25,000 x g in a Beckman J-21 centrifuge to 
remove the basic proteins (Fig. 23 #2). The precipitate, resolubilized 
in buffer "B" (pH 7.8), was found to contain only a minor amount of 
fluorescence at 440nm, with the majority still in a soluble forn, 
indicating that the fluorophore is not associated with a basic protein. 
Finally, in order to determine if the 440nm emission component is 
solubilized by association with a polysacharide molecule, a 3 ml portion 
of the supernatant, adjusted to pH 7.8, was digested with 100 u g of 
hyaluronidase (suspended in 10 ul of distilled water). This enzyme 
attacks the glyoxyl (C -1 --- 0) bonds between sugar residues and a 
polysacharide molecule, breaking the parent molecule into tetra- and 
oligosacharides (Meyer, et. al., 1960). The digest was incubated at 
37°C for 16 hours and then extracted with water-saturated chloroform as 
described earlier. The majority of the 440nm emission substance was 
again found in the aqueous layer (Fig. 23 #3). The results of the 


procedure described above suggest that the 440nm emission component may 
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be in a free form in the TCA supernatant. This possibility must be 
subjected to further scrutiny. 

The solubility behavior of the acid-insoluble form of the 440nm 
emission component was then examined. A 1 mg portion of the TCA 
precipitable material obtained earlier was re-suspended in 3 ml of 
Tris-HCl (pH 7.8) as described in Chapter 2-3 (xvii), and this solution 
was subjected to a chloroform extraction (Fig. 22 #1). The majority of 
the fluorescence at 440nm emission was recovered in the interface 
material, which contains denatured protein. This suggests that the 
fluorophore is bound to an acid-insoluble protein. To test this 
hypothesis, another portion of the TCA insoluble material was suspended 
in buffer and was subjected to proteolytic digestion. Pronase, a non- 
specific protease, was originally used for this digestion(Matsubaba and 
Feder, 1971). However, the pronase contained impurities which 
exhibited fluorescence at 440nm. Therefore, a-chymotrypsin, an enzyme 
which hydrolyzes peptide bonds at tyrosine and tryptophane residues, was 
used for the digestion because it contained very little fluorescence 
(Hess, 1971). One hundred micrograms of o-chymotrypsin (in 10 ul of 
distilled water) was added to a portion of TCA insoluble material, 
suspended in 3 ml of Tris (pH 7.8), and this digest was incubated for 
16 hours at 37°C (Fig. 22 #2). After digestion the fluorescence at 
440nm was again found to be insoluble in TCA. Upon extraction with 
chloroform, the fluorescence was recovered in the chloroform layer. Thus, 
proteolytic digestion apparently releases the 440nm emission component 
from a carrier protein. The chloroform solubility acquired by this 
component upon release from this carrier suggests that the free form of 
the 440nm component is soluble in organic solvents. However, this 


conflicts with the observed behavior of the 440nm emission component in 
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the TCA soluble fraction. A second possibility is that the fluorophore 
is bound to a carrier lipoprotein, which becomes soluble in chloroform 
upon digestion of the protein moiety. In order to clarify the type 
of binding involved, several more enzymatic digestions were undertaken. 

Another portion of the original TCA insoluble material, in 3 ml 
of Tris buffer, pH 7.8, was digested by the addition of 100 u g of 
lipase (in 20 ul of distilled water) (Fig. 22 #3). This lipase enzyme 
hydrolyzes neutral fats to fatty acid and glycerol(Desnuelle, 1972). The 
digest, after incubation at 27°C for 16 hours, was precipitated with TCA, 
and the fluorescence at 440nm remained in an acid-insoluble form. This 
material was subjected to a chloroform extraction, and again the major 
amount of fluorescence was found in the interface material. Thus, lipase 
digestion has no effect on the solubility of this fluorophore, as might 
be expected if the fluorophore were bound to a lipoprotein. The protein 
moiety of the molecule, if an acidic protein, would remain acid-insoluble 
and chloroform-insoluble after lipase digestion. 

Finally, in order to determine if polysacharide components were 
involved, a portion of the TCA insoluble material, in 3 ml of buffer, 
was subjected to digestion with hyaluronidase (100 nu g in 10 ul of 
distilled water) (Fig. 22 #4). Following digestion the majority of the 
fluorescence at 440nm remained in an acid-insoluble form. However, upon 
extraction with chloroform the fluorescence was now found in the aqueous 
layer instead of in the interface material. Thus, the hyaluronidase 
digest apparently caused a release of the fluorophore, implying that the 
actual carrier may be a glycolipoprotein. 

The results obtained to this point in our investigation indicate 
that there are two forms of the 440nm emission component in the soluble- 


protein fraction of the embryonic homogenate: (1) an acid-soluble form 
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which may be a free form, although it could be bound to a small peptide 
or a low-density lipoprotein not easily precipitated or extracted; and 
(2) an acid-insoluble form which is more prevalent and apparently 
associated with a lipoprotein and/or possibly even a glycolipoprotein 
"carrier" molecule. 

As noted in section (ii), the microsomal and lipid fractions of 
the embryonic homogenate contain some fluorescence at 440nm. The 


presence of the 440nm emission material in these fractions may be due 


to simple contamination from the soluble protein fraction. It could also 


be due to the association of the 440nm emission component with some 
sub-cellular components contained in these fractions. Therefore, it was 
of interest to determine the solubility characteristrics of the 440nm 
emission component in these fractions. 


The microsomal and lipid fractions obtained by fractionation of the 


six-day embryo homogenate were subjected to the same separation procedures 


which had been utilized in the examination of the soluble-protein 
components. The steps involved, and the results obtained, are 
presented in Fig. 24. Because the 440nm emission component displays 
identical behavior in both the microsomal and the lipid fractions, only 
the results from the examination of the microsomal layer are presented. 
A TCA precipitation again yielded acid-soluble and acid-insoluble 
forms of the 440nm emission component, with the majority of fluorescence 
in the insoluble form (approximately 3/4). The proportion again varied 
slightly, depending on the time allowed for precipitation to occur. The 
acid insoluble material was subjected to chloroform extraction (Fig. 24 
#1); and equal amounts of fluorescence at 440nm were recovered in the 


interface material (containing denatured proteins.), and the chloroform 


layer (containing lipid-soluble material). However, if the acid-insoluble 
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Fig. 24. Flow chart outlining the experimental procedure utilized in 
characterization of the 440nm emission component in the microsomal 
fraction (1.0 M fraction D.S.G.) of the six-day embryonic homogenate. 
The details of each step are presented in the text. The fractions 


containing the majority of the fluorescence at 440nm are enclosed in 


boxes. 


Microsomal Fraction (1.0 M Fraction D.S.G.) 


—-TCA (5% final volume) 


32,000 x ¢ 10 minutes (J-21) 


Precipitate Supernatant 
2/3 of total fluorescence at 440nm Le of total fluoresc- 
recovered here ence at 440nm recovered 
here 


split into three fractions 
1.----- extraction with water-saturated chloroform 


vortex, spun 2,090 x ¢ 10 minutes (J-21) 
three layers 


Buffer laver Denatured layer [ Chloroform laver | 


1/2 of fluorescence 1/2 of fluorescence 


at 449nm recovered at 449m recovered 
here here 

A ato 1 with Of 4 oF ae 

2 .----— digested with Q-chymotrypsin 37 C for 16 hours 


TCA extraction (all of the fluorescence at 440nm recovered here 
in the precinitate) 


precipitate extracted with water-saturated chloroform 


vortex, spun 2,900 x ¢g 19 minutes (J-21) 
three layers 


Buffer layer Nenatured layer Chloroform layer 
3.----- dicested with hyaluronidase and lipase 16 hours 


TCA extraction (most of the fluorescence at 4490nm recovered 
in the precipitate) 


precipitate extracted with water-saturated chloroform 


vortex, spun 2,000 x ¢ 10 minutes (J-21) 
three layers 


Buffer layer Denatured layer | Chloroform Layer | 
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material was first subjected to digestion with a-chymotrypsin, followed 
by TCA precipitation and chloroform extraction (Fig. 24 #2), all of the 
fluorescence at 440nm was recovered in the chloroform layer. These 
results suggest that, in addition to the lipoprotein-bound form seen in 
the soluble-protein layer, there is a lipid or membrane-bound form in 
the microsomal layer. 

In order to examine the possiblity of a membrane-bound form, a 
portion of the acid-insoluble material, suspended in 3 ml of Tris-HCl 
(pH 7.8), was subjected to a combined digestion with hyaluronidase (100 
Weenie Oswieor waten)mand) | ipase GOO migcwin« 2011 “oftwater).) “This 
solution was incubated for 16 hours at 37°C (Fig. 24 #3). This treatment 
would be expected to break up structural components such as those found 
in the reticular layer, thus exposing a lipid-bound fluorophore to 
chloroform extraction. After digestion, this solution was precipitated 
with TCA; and the acid-insoluble material, which contained the 440nm 
emission substance, was extracted with chloroform. The fluorescence 
at 440nm was recovered in the chloroform layer. This indicates that the 
digestion either liberates the fluorophore to a free form soluble in 
chloroform, or that the digestion is not extensive enough to completely 
destroy the lipid or membrane carrier, thereby granting chloroform 
solubility to the fluorophore. 

The following procedure was employed to examine the question 
further as well as to attempt to purify the 440nm emission fluorophore. 
A new homogenate of six-day embryos was prepared and fractionated as 
described earlier. The microsomal layer was extracted with chloroform, 
the chloroform layer evaporated, and resuspended in buffer "B", pH 7.8. 
This solution was subjected to extensive lipase digestion. Three 100 


u g portions of lipase (each suspended in 20 ul of water) were added at 
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8-hour intervals during incubation at 37°C. After digestion the 440nm 
emission peak became unstable, preventing further attempts to determine 
the solubility characteristrics or to purify the free form of this 
fluorophore. 
The results of this last experiment indicate that the fluorophore 
is associated with a lipid or membrane component in the microsomal 
fraction. It is of interest that the excitation and emission 
characteristics of this fluorophore are not shifted more than 5 to 10nm 
when bound to different carrier molecules or when released from the lipid 
carrier. Such fluorescence behavior suggests this fluorophore is at 
least partially exposed to the surrounding environment. This behavior 
backs up the theory that we are dealing with carrier molecule complexes. 
In conclusion, the solubility behavior, the response to enzymatic 
digestions, and the fluorescence behavior of the 440nm emission sub- 
stance suggest that there are at least three forms of this substance 
in the embryonic homogenate: (1) an acid-soluble form possibly bound 
to a short polypeptide or a low density lipoprotein not easily precipi- 
tated or extracted by chloroform; (2) an acid-insoluble form in the 
soluble-protein fraction bound to a lipoprotein and/or a glycolipoprotein; 
and (3) an acid-insoluble form bound to lipid components in the reticular 
layer. The instability of the free form of the fluorophore indicates 
that it may be necessary to purify the fluorophore while bound to its 
carrier molecule. Once this complex is purified, the components may 
then be separated and identified individually. 
(v) Identification of the 350nm and 525nm Emission Components: The 
fluorophore of the 350nm and 525nm emission peaks in the embryonic 
spectra were identified. (a) Isolation, characterization, and identi- 


fication of the 350nm emission component: As demonstrated in section 
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(ii) of this chapter, the 350nm emitting substance is found in the 
soluble-protein fraction of the embryonic homogenate. This emission 
peak (350nm) is characteristic of proteins which contain tyrosyl and 
tryptophyl residues (Gerard, et. al., 1975; Sasaki, 1975). In order to 
examine the possibility that the 350nm emission is due to a protein 
fluorescence, the following procedures were adopted. 

In preliminary attempts to extract this fluorophore, the proteins 
in an embryonic homogenate were precipitated by addition of 98 percent 
ethanol to a final concentration of 75 percent as described in Chapter 
2-3 (xiv). The majority of the fluorescence at 350nm was recovered in 
the ethanol-insoluble precipitate. An embryonic homogenate was also 
subjected to a chloroform extraction as described earlier, and the 
fluorescence at 350nm was primarily in the interface material (denatured 
protein layer). The response to these two extraction procedures 
suggests that the 350nm emission component is associated with a protein. 

To test this hypothesis further, investigations were continued by 
examining the solubility characteristics and response to proteolytic 
digestion of the 350nm emission component in the soluble-protein fraction 
of the embryonic homogenate. The procedures utilized are described in 
section (iii) of this chapter and are outlined in Fig. 25. A portion 
of the soluble-protein fraction was precipitated with 5 percent TCA as 
described earlier. Nearly all of the fluorescence at 350nm was recovered 
in the TCA-insoluble material. This indicates that the component is 
acid-insoluble and coincides well with the behavior of neutral and acidic 
proteins. To test this further, a 1 mg portion of the TCA-insoluble 
material, suspended in 3 ml of Tris-HCl (pH 7.8), was digested with 100 
ug of a-chymotrypsin (in 10 yl of water) by incubation at 37°C for 


16 hours. After this digestion the TCA precipitation was repeated, and 
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Fig. 25. Flow chart outlining the experimental procedure 
utilized in characterization of the 350nm emission component 
obtained from the soluble fraction of a six-day embryo homogenate. 
The details of each step are presented in full in the text. 
(*Treatment with purifed pronase, “3 described in text, yielded 


similar results). 
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the fluorescence at 350nm was now found in the acid-soluble forn, 
indicating that proteolytic digestion had released the fluorophore. In 
order to confirm that the change in solubility is associated with the 
digestion of protein, the digestion was repeated with 100 u g of pronase, 

a non-specific protease. Similar results were obtained from this digestion. 
The pronase was less useful because of the fluorescence demonstrated by 

the enzyme solution itself, as noted in section (iii). 

The results presented here indicate that the 350nm emission peak in 
the embryonic spectra is apparently due to the fluorescence of soluble 
proteins. The excitation and emission peaks coincide with peaks produced 
from solutions of purified protein containing tryptophane, as reported 
by Saski (1975). Therefore the spectral patterns were recorded from 
solutions of tyrosine and tryptophane as described in Chapter 2-3 (xii). 
The pattern obtained from the tryptophane solution (Fig. 26) is similar 
but not identical to that demonstrated by the 350nm emission component. 
The differences in the patterns is probably due to the fact that the 
fluorescence properties of the amino acid are changed upon incorporation 
into proteins (Gerard eet.ua ls, l9/5,scasak1, 1975). — [he 350nm 
emission component is precipitated by ethanol, chloroform, and TCA, all 
of which cause the precipitation of protein. Finally, the 350nm emission 
component is released by proteolytic digestion to a form soluble in TCA. 
(b) Isolation, characterization, and identification of the 525 nm 
emission component: The spectral characteristics of the 525nm emission 
component in the embryonic homogenate are similar to those characteristic 
of the vitamin, riboflavin (Dudley, 1964). Therefore solutions of ribo- 
flavin, flavin mononucleotide, and flavin adenine dinucleotide were 
examined in buffer '"B' (pH 7.8), as described in Chapter 2-3 (xii), and 


the spectral patterns obtained are seen in Fig. 27. 
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Fig. 26. Excitation and emission patterns obtained from solu- 
tions of L-tryptophane in buffer "B" at pH 7.8. There is a slight 
shift to the red in the excitation and emission peaks as concen- 
tration is increased from 0.01 mM (1A and 2A) to 0.5 m™ (1B and 
2B). (1A) represents the excitation spectrum for the emission 
peak at 355nm (2A); (1B) represents the excitation spectrum for 


the emission peak at 36Qnm (2B). 
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Fig. 27. Fluorescence pattern of a riboflavin solution in 

buffer "B'' at pH 7.8. Equivalent concentrations of flavin mono- 
nucleotide and flavin adenine-dinucleotide demonstrate spectral 
patterns identical to this pattern; the former is at approximately 
the same level of fluorescence ene aTOS as the riboflavin solution, 
and the latter is at a somewhat lower level of intensity for a 


given concentration. 
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Upon investigation of its solubility properties, the 525nm emis- 
sion component was found to be soluble in ethanol and TCA, but insoluble 
in chloroform. Riboflavin has similar solubility characteristics, being 
soluble in ethanol and acidic aqueous solutions but totally insoluble 
in chloroform, due to the D-ribose group on the isoalloxazine ring 
structure (Dudley, 1964). Upon exposure of an alkaline solution of ribo- 
flavin to ultraviolet irradiation, the D-ribose group is broken off, 
leaving a methyl group exposed. The water-soluble riboflavin is thus 
converted to a chloroform-soluble form lumiflavin, accompanied by a blue 
shift in the emission peak to 504nm (Dudley, 1964). This known behavior 
of riboflavin proved to be a valuable tool in the identification of the 
525nm emission component found in the embryonic homogenate. 

A 4ml portion of the post-nuclear supernatant from a six-day 
embryo was extracted four times with equal volumes of water-saturated 
chloroform as described earlier. These chloroform layers were combined, 
dried overnight, and suspended in buffer 'B", (pH 7.8). This solution 
was examined, and only minor amounts of fluorescence were detected. The 
aqueous layer from the chloroform extraction was air dried to remove any 
residual chloroform and was found to contain the majority of the 
fluorescence at 525nm (Fig. 28A). This solution was then adjusted to 
pH 11 by titration with 0.1 N NaOH. It was irradiated with a Camay 
ultraviolet lamp (type TL-900, Muttez, Schwelz), at a distance of 14 cm 
for 45 minutes. After irradiation, the solution was brought to pH 10.5 
by titration with 0.1 N HCl and was extracted with water-saturated 
chloroform. The chloroform layer contained a major emission peak at 
540nm, excited at 366nm and 470nm (Fig. 28B). The aqueous layer contained 
very little fluorescence. 


This behavior is identical to that demonstrated by a solution of 
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Fig. 28 (A). Fluorescence pattern of the buffer layer of the 
homogenate of a six-day embryo extracted four times with water- 
saturated chloroform. Minor emission peaks are seen at 350nm and 
440-470nm. The excitation (1A) and the emission (2A) spectra are 


shown. 


Fig. 28 (B). Fluorescence pattem from the chloroform layer 

obtained by re-extraction of the solution examined in 28 (A) 

after U V irradiation at alkaline pH. When a riboflavin solution 
was treated in a similar manner, identical results were obtained. The 


excitation (1B) and emission (2B) spectra are shown. 
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riboflavin when subjected to a similar treatment, converting the ribo- 
flavin to lumiflavin. Therefore it is possible to conclude that the 
525nm emission peak in the embryonic homogenate is attributable to 
riboflavin or a derivative (i.e., FAD or FMN). In order to determine 
which form of the vitamin is present in the embryo,further investi- 
gation is necessary. 
5-3. Summary and Discussion: 

The main objective of the experiments described in this chapter 


was to isolate, characterize, and identify the fluorophores involved 


in the pronounced spectral shift in the embryonic fluorescence spectrum 


described in Chapter 4. It was hoped that such an approach would 
enable us to determine the cause of this spectral shift, and also the 
role the substances play in cytological and/or morphological changes 
occurring at the time this shift is seen. As a spinoff of the experi- 
ments described in this chapter, evidence was obtained concerning the 
identity of the fluorophores responsible for the other two regions of 
emission found to dominate the embryonic spectra. 

The ultraviolet emission peak at 350nm is apparently due to the 
fluorescence of aromatic amino acid residues in soluble protein. The 
increase in intensity at this peak, observed over the first week of 


development, evidently results from an increase in the soluble protein 


concentration during this period. The 525nm emission component was found 


to demonstrate solubility and fluorescence behavior characteristics of 
vitamin B, (riboflavin) and its derivatives, flavin mononucleotide and 
flavin adinine dinucleotide (for a review, see Koziol, 1971). Again, 


the increase in intensity of this emission peak over the developmental 


period under study here merely indicates an increase in vitamin B,content. 
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The function of this vitamin is well established. Its appearance at 
this time in development coincides with known increases in activity of 
a metabolic system, in which it is required as a co-factor (Brand, et. 
alenl960). 

In order to determine the sub-cellular location of the 430-440nm 
and 470nm emission substances, homogenates of three-day and six-day 
embryos were fractionated by differential centrifugation and ultra- 
centrifugation procedures. This approach also served as the first step 
in purification of these fluorophores, separating them from nonfluorescent 
embryonic material. The majority of the fluorescence at 430-440nm and 470nm 
was recovered in the soluble-protein fraction of these homogenates, 
indicating that the fluorophores are either freely soluble in an aqueous 
medium or bound to a soluble "carrier" component. 

Chromatographic techniques were then employed in an effort to 
purify the fluorophores, concentrating first on the isolation of the 
470nm emission component in the soluble-protein fraction of a six-day 
embryo. These attempts were unsuccessful because the 470nm emission 
peak became unstable, and was lost, during the chromatographic 
separation. However, this instability proved to be useful in this 
investigation. Careful examination revealed that the 470nm emission 
peak shifts to a stable peak at 440nm upon exposure to a variety of 
conditions. This apparent reversal of the spectral shift suggested 
that a single type of fluorophore was involved in both 440nm and 470nm 
emitting substances. Therefore, by concentrating our investigation 
on the component responsible for the stable 440nm emission peak, we 
hoped to gain insight into the cause of the original spectral shift. 

An examination of the solubility behavior of the 440nm emission 


substance, before and after specific enzymatic digestions, revealed 
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that this fluorophore is associated with a variety of binding components. 
In the soluble-protein fraction, the major type of binding component is 
apparently a lipoprotein or possibly a glycolipoprotein "carrier" 
molecule, although there are also minor amounts of a small peptide or 


low density lipoprotein ' 


‘carrier". In the microsomal and lipid fractions 
the binding component appears to be lipid in nature, suggesting that a 
portion of this substance is membrane or matrix bound in the embryo. 

Many biologically active molecules, such as hormones or fat soluble 
vitamins, are normally associated with specific binding molecules during 
storage and/or transport (e.g., vitamin A, Breman, 1973; Heller, 1976a). 
Because many of these "active" molecules are insoluble and unstable in 
aqueous solutions, the "carrier" molecules serve to stabilize and grant 
solubility to these substances during transport in the serum and when 
stored in the cytosol (Futterman, 1972; Heller, 1976b; Ong, 1974). Also 
binding to a "carrier" prevents these substances from exerting their 
biological effects non-specifically. Many such substances are toxic in 
a free form (Morriss, 1974). The association of the 440nm emission 
substance with the variety of binding components noted above implies 
that this fluorophore is being transported within the embryo, and 
incorporated into cells and sub-cellular components, during the first 
week of development. 

Due to the small size of the embryos examined in this investigation, 
we were unable to separate the serum-soluble components from the cytosol- 


soluble components. Therefore both are found in the soluble-protein 
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fraction in this study. Because the 440nm emission substance is associated 


with several different components in this fraction, it is possible that 
this fluorophore is bound to both serum-soluble and cytosol-soluble 


components in the six-day embryo. The serum carrier would serve to 
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transport the fluorophore to a specific target cell or tissue, moving 
it from either the yolk, as suggested in Chapter 4, or from the site 
of production within the embryo itself. Upon incorporation into the 
receptor, the cytosol "carrier" component would bind and store the 
fluorophore until its use, or until it is incorporated into a specific 
organelle. 

We had hoped to be able to identify this fluorophore and, possibly, 
examine the role it plays in developmental changes occurring at the time 
of the spectral shift. However, due to the instability of the fluorophore 
upon release from its binding component, we were unable to isolate this 
substance for identification. This must be the objective of further 
investigation. Although identification was not permitted, the observations 
reported in this chapter indicate that the shift in emission peak during 
development is apparently due to a change in the type of carrier to 
which the fluorophore is bound (e.g., the transfer from a serum "carrier" 
to a cytosol "carrier'). This may represent a general phenomenon occur- 
ring at the cellular level in the entire embryo, or it may be taking 
place at a specific target cell or tissue. In either case, the fluoro- 
metric examination described in this thesis has permitted the detection 
of a unique change at the molecular level, and has allowed us to pinpoint 
the precise time in development at which this change occurs. 

In conclusion, as noted in Chapter 1, the mechanisms which control 
the process of differentiation and morphogenesis are not well understood. 
Factors in the extra-cellular environment are known to play an important 
role in the control and synchronization of these processes (Brunner, 1977). 
However, what these factors are and how they exert their effect is not 
known. Preliminary investigations by Lauber and Kato (personal communica- 


tion), and by Igarashi (personal communication), haq suggested that a 
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fluorometric examination of embryonic development might serve as a 
means of detecting factors involved in these processes. Therefore such 
an approach was undertaken in the investigation described in this thesis. 
The results of the fluorometric examination described here indicate 
that there is a pronounced spectral shift in one of three emission peaks 
which dominate the embryonic spectra during the first week of develop- 
ment. This shift begins at Hamburger-and-Hamilton stage 22 and is 
completed by stage 25. Examination of the components responsible suggests 
that a single type of fluorophore is involved. The solubility character- 
istics of this fluorophore indicate that it is bound to serum, cytosol, 
and membrane components in the homogenate of a six-day embryo. The 
association with these components suggests that this fluorophore is the 
object of a serum transport system, and that the spectral shift starting 
at stage 22 may be caused by the transfer of the fluorophore from a serum 
ECaroierestCopaece! LularecalLG. cu am UpONEDIndines tOsdadarrerent sucarrier .. 
the molecular environment of the fluorophore may be altered in a manner 
which affects the spectral characteristics of this fluorophore. 
Unfortunately the fluorophore is rapidly decomposed upon 
release from its binding components, preventing its isolation and 
identification in this study. However, from the observations made here, 
it is suggested that isolation and identification might be accomplished 
by first purifying the "carrier" fluorophore complex. Once identifi- 
cation is accomplished and the solubility characteristics are reconfirmed, 
efforts might then be directed toward an histological search for the site 
within the embryo at which this shift is occurring. This accomplished, 
it would then be possible to examine the biologi¢al role which this 


compound plays in early embryonic development. 
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